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(54) Seals, and air depolarized electrochemical cells made therewith 



(57) The invention relates to seals, and electro- 
chemical cells made therewith. An elongate, generally 
tubular, air depolarized eiectrochemicaJ cell (10) com- 
prising a cathode (14), including an air cathode assem- 
bly (26), extending about the tubular circumference, and 
along the tubular length, of the eel (10). an anode (12). 
a separata (16) between the anode (12) and the cath- 
ode (U), electrolyte, a top cloture member (177. 200). 
and a bottom closure member (114. 202). The cathode 
assembly (26) is fixedly held, by a friction fit in a slot 
(116) at the bottom of the cel. The slot can be devel- 
oped, for example* by inner (110) and outer (114) walls 
of a cathode can (28), by inner (226) and outer (224) 
walls of a bottom closure member (202). or by an outer 
wal (1 14) of aoathode can (28) and an opposing outer 
wail of a plug (128) on the interior of the cel. Preferably, 
bottom damn structure of the cell (10) and receives a 
bottom edge portion (44) of the cathode current coBsc- 
tor (32). and makes electrical contact with the bottom 
edge portion (44). preferably at an inner surface (60) of 
the cathode current collector. A diffusion member (36) 
of the cathode assembly (26) is preferably compressed 
as a seal, at the bottom of the cell (10), between an 
outer side wall (39) of the cell and the remainder of the 
cathode assembly (26). The diffusion member (36) is 
also used at (east as an assist in sealing the cell (10) 
against electrolyte leakage from the anode cavity (137) 



and past the cathode assembly (26). 

A yommet (18) doses the top of the cell (10). A 
seal (36) can extend upwardly into a slot ( 1 74) between 
the grommet (18) and a top closure member (1 77) such 
as at the top of a cathode can (28). or a separate top 
dosure member (200). Cathode assembly (26) and 
separator (16) can extend into the slot (174). The seal is 
between the grommet (18) and cathode assembly (26). 
or between grommet (18) and separator (16). or both. 
The seal can extend upwardty into the slot (1 74) from an 
outer surface of the cathode assembly (26). can extend 
about respective upper edges of the cathode current 
collector (57), catalyst and separator (16), and down- 
wardly toward, preferably against or along the inner sur- 
face of. the separator (16). The top dosure member 
(200) can be crimped against the grommet (18) at the 
slot (174), with the cathode assembly (26). and option- 
ally the separator (16). in the slot (174) between the 
pommot ( 1 8) and the top dosure (200). thus to provide 
a liquid-tight crimp seal The top dosure (200) can be 
crimped first against the grommet (18) at the slot (1 74). 
and further crimped against the grommet (18) at a sec- 
ond locus (178) dspiaced longitudinafy from the first 
crimp. Composition of the seal comprises a micropo- 
rous polymer (36). preferably polytetrafluoroethylene. 
Preferred embodiments comprise at least two. prefera- 
bly at least three, layers of air permeabt rricroporous 
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sheet material, useful for diffusion of air therethrough to the cathode reaction surface (63). The layers are trapped con- 
tmuously and without intervening end. to form an outer surface of the cathode assembly (26). Another expression of tne 
invention is a cathode assembly (26). or cathode-separator combination, for use in an elongate air depolarized cell (10) 
The air permease sheet material (36). as wrapped about the tubular cathode assembly, is compressed so as to nave 
a compressed ttuctaess less than the uncompressed thickness. 




^-26 FIG. 3B 
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Description 

[0001] This invention relates to air dapolanzed electrochemical ceils. This invention is related specially to metal-air 
air depolarized electrochemical cells, esoeciaily elongate cylindrical cells. Elongate cells are described herein with 

5 respect to eels having the size generally known as "AA." - 

[0002] Button cells, also illustrated herein, are commercially produced in smaller sizes having lesser neight-to-diam- 
eter ratios, and are generally drected toward use m hearing aids, and computer applications. Such button cells gwier- 
ally feature overall contained ceil volume of less than 2 cm 3 , and for the hearing aid cells less than 1 cm 3 . 
[0003] The advantages of air depolarized cells have been known as far back as the 19th century. Generally, an air 

jo deoolarized cell draws oxygen from air of the ambient environment, for use as the cathode active material. Because the 
cathode active material need not be carried in the cell, the space in the cell that would have otherwise been required 
for carrying cathode active material can, in general, be utilized for containing anode active material. 
[0004] Accordingly, the amount of anode active materia! which can be contained in an air depolarized cell is generally 
significantly greater than the amount of anode active material which can be contained m a 2 -electrode ceil of the same 

is overall size. By "2-electrode* cell, we mean an electrochemical cell wherein the entire charge of both anode active 
matenaJ and cathode active material are contained inside the cell structure when the cell is received by the consumer. 
[0005] Generally, for a given cell size, and similar mass, an air depolarized cell can provide a significantly greater 
number of watt-hours of electromotive force than can a similarly sized, and similar mass. 2-electrode cell using the 
same, or a similar, material as the anode electroactive material. 

20 [0006] Several attempts have been made to develop and market commercial applications of metal-air cells. However, 
until about the 1 970's. such cells were prone to leakage, and other types of failure. 

[0007] In the 1 970's, metal -air button cells were successfully introduced for use in hearing aids, as replacement for 
2-electrode cells. The cells so introduced were generally reliable, and the incidence of leakage had generally been con- 
trolled to an extent sufficient to make such cells commercially acceptabia 

25 [0008] By the mid 1 980's. zinc-air cells became the standard tor hearing aid use. Since that time, significant effort has 
been made toward improving metal-air hearing aid cells. Such effort has been drected toward a number of issues. For 
example, efforts have been directed toward increasing electrochemical capacity of the cell, toward consistency of per- 
formance from cell to cell, toward control of electrolyte leakage, toward providing higher voltages desired for newer 
hearing aid appliance technology, toward higher limiting current, and toward controlling movement of moisture into and 

30 out of the cell, and the like. 

[0009] An important factor in button cell performance is the ability to consistently control movement of the central por- 
tion of the cathode assembly away from the bottom wall of the cathode can during final cell assembly. Such movement 
of the central portion of the cathode assembly is commonly known as "doming." 

[0010] Another important factor in button cell performance is the electrical contact between the cathode current col- 
35 lector and the cathode can or cathode terminal. Conventional cathode current collectors comprise woven wire screen 
structure wherein ends of such wires provide the electrical contact between the cathode current collector and the inner 
surface of the cathode can. 

[0O1 1 ] While metal-air button cells have found wide-spread use in hearing appliances, and some use as back-up bat- > 
teries in computers, air depolarized ceBs have, historically, not had wide-spread commercial application tor other end 

40 uses, or in other than small button cell sizes. 

[0O12] The air depolarized button cells readily available as items of commerce for use in hearing aid appliances are 
generally limited to sizes of no more than 0.6 cm 3 overall volume. In view of the superior ratio of 'Van-hour capac- 
ity/mass" of air depolarized cells, it woiid be desirable to provide air depolarized electrochemical ceils in additional 
sizes and configurations, and lor other applications. It would especially be desirable to provide air depolarized electro- 

45 chemical cells which are relatively much larger than button ceils. For example, it would be desirable to provide such 
ceils in "AA" size as well as in the standard button cefl sizes. 

SUMMARY OP THE INVENTION 

so [001 3] The present invention is as claimed in the independent claims with optional features recited in the dependant 
claims. 

[0014] Embodiments of the invention can provide 

an elongate air depolarized electrochemical cell having an elongate cathode; 
55 an air depolarized electrochemical cell having an effective top seal; 

an air depolarized electrochemical eel wherein an elongate cathode extends into a slot between a top grommet 
and a top closure member of the cell; 

an air depolarized electrochemical cell wherein an air permeable sheet in the cathode assembly extendi about the 
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upper edge of the cathode current collector, optionally about other elements ot the cathode, and downwardly 
toward the inwardy-facing surface of the cathode current ooilector, preferably against an inner surface of the cell 
separator, which is commonly disposed between the anode and the cathode; 

an air depolarized electrochemical cell wherein an air diffusion member in the cathode assembly is wrapped as at 
least 2 continuous layers, preferably at least 3 continuous layers, wrthout intervening end, about a cathode assem- 
bly precursor; and 

an air depolarized electrochemical cell which is relatively larger and more elongate than a hearing aid button cell 
which has an overall discharge capacity at least as great as a similarly-sized alkaline manganese dioxide cell, and 
wherein the energy/mass ratio of such cell is significantly neater than the energy/mass ratio of a sjmilarly-sized 
alkaline manganese dioxide cell. 

[001 5] The invention comprehends an elongate air depolarized electrochemical cell, having a length, a top. and a bot- 
tom. The ceil comprises a cathode, including an air cathode assembly, extending along the length of the elongate air 
depolarized electrochemical cell, and an anode, including electroactrve anode material in an anode chamber disposed 
inwardly, in the ceH, of the cathode assembly. A grommet is juxtaposed adjacent a top portion of the cathode assembly, 
and doses the top of the elongate air depolarized electrochemical ceil. A separator is disposed between the anode and 
the cathode assembly, and electrolyte is dispersed in the anode material, the cathode assembly, and the separator. 
[001 6] The cell preferably includes a seal extending upwardly into a slot between the grommet and a top closure mem- 
ber of the cell such as the top of a cathode can. or a separate closure member. 
20 [0017] In preferred embodiments, the air cathode assembly, and preferably the separator, extend into the slot gener- 
ally along a longitudinally-extending length of the slot. The seal is disposed between the grommet and the cathode 
assembly, or in the case of the separator being in the slot, between the grommet and the separator. 
[0018] Further to preferred embodiments, the air cathode assembly comprises a cathode current collector. The air 
cathode assembly and the separator extend into the slot The seal extends upwardly into the slot trom an outer surface 
25 of the cathode assembly, extends about respective upper edges of the cathode current collector and the separator, and 
downwardly toward, preferably along the inner surface of. the separator. Preferably, the seal serves as a liner of the 
inside surface of the slot over substantially the entirety of that portion of the slot which resides between the grommet 
and trie top closure member and which is occupied by the cathode current coflector and the separator. 
[0019] In some embodiments, the entirety of the length of the slot is occupied by the cathode current collector and 
30 the separator. 

[0020] In preferred embodiments, the top closure member is crimped against the grommet at the slot with the cath- 
ode assembly in the slot between the grommet and the top closure member, thus to provide a liquid-tight crimp seal in 
the slot between the anode chamber and the cathode assembly. 

[0021] In typical cells of the invention, but without limitation, the grommet is confined to a top portion ot the air depo- 
ts larized electrochemical cell. 

[0022] Further to typical cells of the invention, the top closure member is crimped at a first locus, about a circumfer- 
ence of the cell, against the grommet at the slot, and below the top of the cell, and is further crimped against the grom- 
met, at a second locus displaced longitudinally from the first locus, about the outer perimeter between the slot and the 
top of the air depolarized electrochemical cel. 
40 [0023] In some embodiments, the top closure member is crimped against the grommet at the slot over substantially 
the entirety of that portion of the slot wherein a full width of the slot between the grommet and the top dosure member, 
is occupied by at least one of the cathode assembly and the separator. 

[0024] In preferred embodi m ents, the cathode assembly further comprises an air diffusion member disposed out- 
wardly in the cathode assembly and extending upwardly into the slot as the seal, between the grommet and the top 
45 closure member of the cell. 

[0025] Co mpos ition of the seal preferably comprises a microporous polymer, preferably microporous polytetraf luor- 
oethylene (PTFE)i 

[0026] Prefaced embodiments of the seal comprise at least two layers of an air permeable microporous sheet mate- 
rial, such as torn niooporous PTFE, useful tor dffusion of air therethrough to the cathode reaction surface of the cell. 
so The at least two layers are wrapped continuously and without intervening end. to form an outer surface of the cathode 
assembly, and tte seal comprises the at least two layers in the slot. 

[0027] Another expression of the invention is a cathode-separator combination for use in an elongate air depolarized 
electrochemical cell. The combination comprises a tubular cathode assembly precursor induding a tubular cathode cur- 
rent collector having a side wall defining a closed perimeter thereof, and a layer of a cataiyticalry active eg. carbon com- 
55 position or materia) disposed on an outer surface of the current ooilector side wall; an air permeable sheet material 
disposed about an outer surface of the tubular cathode assembly precursor and operating as a diffusion member; and 
a separator disposed against an inner surface of the tubular cathode assembly precursor. A first edge portion of the air 
permeable sheet material extends about a second upper edge of the cathode current collector, about a third upper edge 
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of the layer of catalytcally active composition or material, and about a fourth upper edge of the separator and down 
wardly against an inner surface of the separator. *~ u * ° awn * 

[0028] Yet another expression of the invention is a cathode assembly for use in an elongate air depofanzed electro 
chemical ceil. A respective such cathode assembly comprises a tubular cathode assembly precursor including a tubuiar 
cathode current collector having a side wall defining a closed perimeter thereof, and a layer of a catalytcally acfive com 
position or material disposed on an outer surface of the side wall; and an air permeable sheet material disposed about 
an outer surface of the tubular cathode assembly precursor, a first edge portion of the air permeable sneet material 
extending about a second upper edge of the cathode current Sector, and being folded about the second upper edae 
of the cathode current collector and downwardly toward an inner surface of the tubular cathode assembly precursor 
[0O29J Stai another expression of the invention is a cathode assembly for use in an elongate tubular air depolarized 
electrochemical cell. The cathode assembly comprises at least two layers of an air permeable sheet material effective 
m combination as a diffusion member for transport of oxygen into such air depolarized electrochemical cell the a.r per- 
meabie sheet material being wrapped as a continuous wrap and without intervening end about an outer surface of the 
tubular cathode assembly precursor, including outwardly of the catalytically active composition or material 
[0030] In preferred embodiments, the air permeable sheet material defines a multiple layer diffusion member mounted 
outwardy of the cathode assembly precursor and operating as a compon*it of the cathode assembly. 
[0031 ] Preferably, the air permeable sheet material, as wrapped about the tubular cathode assembly, is compressed 
and thereby has a compressed thickness less than the uncompressed thickness, typically no greater than about 75 per- 
cent to about 80 percent of the uncompressed thickness. 

[0032] Thickness of the multiple layer structure is preferably no greater than about 80 percent, more preferably no 
greater than about 70 percent and yet more preferably no ^ eater than about 60 percent, of the uncompressed thick- 
ness of the air permeable sheet material, as multiplied by the number of layers of the sheet material. 
[0O33] Preferred embodiments include at least three layers, preferably at least three layers of the air permeable sheet 
material, wrapped as a continuous wrap about a perimeter of the tubular cathode assembly precursor, plus a further 
portion of a tourih layer of the sheet material further wrapped about the perimeter of the tubular cathode assembly. 
[0034] The invention still further comprehends an elongate air depolarized electrochemical cell comprising an anode, 
a cathode or cathode and separator as described herein, and electrolyte 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0038) 



FIGURE 1 shows a pictorial view of an elongate cylindrical metal-air cell of the invention. 
FIGURE 2 shows a cross-section of the cell, taken at 2-2 of FIGURE 1 . 
33 FIGURE 3A is an enlarged representative cross-section of the side wail and bottom wall structures at the bottom 
of the cell, inducing the air cathode, and is taken at dashed circle 3A in FIGURE 2. 

FIGURE 3B is an enlarged representative cross-section of the side wall and grommet and other seal structures at 
and adjacent the top of the cell, also showing the air cathode, and is taken at dashed circle 3B in FIGURE 2. 
FIGURE 4 shows a representative cathode current collector used in air cathode assemblies of the invention. 
40 FIGURES 4A. 48. 4C illustrate respectively a continuous-weld butt joint a spot weld butt joint and a joint termed 
by welding interdgrtated wires or fingers. 

FIGURE 5 shews a representative perforated metal sheet useful for making the cathode current collector of FIG- 
URE 4. 

FIGURE 5A shows a representative perforated metal cathode current collector tor use in a button cell, and having 
45 a generally imperforate contact zone. 

FIGURE SB shows a representative edge view of the cathode current collector of FIGURE 5A. 
FIGURE 5C tfwws a metal strp illustrating an array of patterns of circular etched precursors of cathode current col- 
lectors, from which current collectors of FIGURE 5A can be made. 

FIGURE SO tfwws a representative cross-section of an air depolarized button cell employing a cathode current col- 
so lector of FIGURES SA and 5a 

FIGURE 6 shows an enlarged portion of a corner of the metal sheet of FIGURE 5. illustrating hexagonal perfora- 
tions. 

FIGURE 7 is an enlarged representative cross-section of the air cathode illustrated in FIGURE 3A. 
FIGURE 8 is a representative pictorial view of an elongate cylindrical cathode current collector having circular per- 
55 torations. 

FIGURE 9 is a representative pictorial view of an elongate cylindrical cathode current collector having square per- 
forations 

FIGURE 10 is a representative pictorial view of a cytindrical cathode current collector of the invention, and active 
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carbon cataiyst secured to the current collector. 

FttuSIs 1 i2 8 a ^f* m8,iVe 01 aPPa ' a,US *" **™ q 4 ShMt 01 *• camon cetaJyst. . 

FIGURES 12 and 12A a/e representative ptctonal views, with parts cut away, of an active carbon sheet and a stack 
of such sneets being formed into a cross-bonded composite of such sheets 

^i£nl^*ZTZZ 01 *• aSS9n * l9d * f Cam0,3 •• indu<,in9 cathod » «™ Elector, 

active carbon catalyst, and diffusion member. 

FIGURE H is a representative pictonal view of a stack of pressure rolls used for assembling the active carbon cat* 
alyst. and tne diffusion member, to the cathode current collector. 

FIGURE i *A is a representative orthogonal view illustrating alternative apparatus and methods for assembling the 
active canon catalyst, and the diffusion member, to the cathode current collector. 
FIGURE ' 5 is a graph illustrating the effect of rolling pressure on cathode voltage. 

FIGURE -5 is an enlarged longitudinal cross-section, with parts cut away, of an air cathode useful in assembling 
an elongate cell of the invention. * 

2? UR . 6 1 enlar ° ed tranSV9rSe cross * section - *** cut away, of an air cathode useful in assembling an 
'5 elongate cell of the invention. * 

cSn« !! i 8 * Cf088 - sec,ion of a 100 P° rt °" «» 9 "« <* «• Benton illustrating a stop groove in thtcathode can 
FIGURE 1 9 « a representative cross-section of a drawn, or drawn and ironed, pre-term used to make cathode cms 
tor use in cells of the invention. 

FIGURE 20 is a representative cross-section of a second stage pre-form. made from the pre-term of FIGURE 19 

F JSH!t nGUREM 88 Pr0C8S * * C ° nV6rtnQ 9,9 01 RQUR6 19 to ,ne 'oss-section configuration 

formiSiauSe^ cross-sections of bottom portions of cathode cans made using pre> 

FK3URE 25 is a representative aoss-section ot a second embodiment of a second stage pre term, made from the 
pre- form of FIGURE 19. 

eS U 5? 26 ' 27 ** r9 P re8ertaSv « cross-sections ot bottom portions of cathode cans made using pre-terms of 

FIGURE 28 is a representative cross-section showing a wide seal bead being termed at the bottom flange of the 
cathode can. 

FIGURE 29 is a photoyaph showing a cross-section of the bottom portion of a partially assembled cell, configured 
as the bottom portion of the cell in FIGURE 26. and made using in situ meeting as the method of placing the bottom 
seal. 

FIGURE 30 is a representative cross-section of a cell of the invention similar to the cell of FIGURE 2 and illustrat- 
ing an alternate top seal structure. 

FIGURE 31 A is a representation of a photograph showing a cross-section of a portion of a can which has under- 
gone significant discharge, wherein the zinc was loaded into the anode cavity in generally *y condition, and illus- 
trating progression of the reaction front from the cathode current collector toward the anode current collector. 
FIGURE 31 B is a representation of a photograph showing a cross-section of a portion of a ceH which has under- 
gone significant discharge, wherein the zinc waa loaded into the anode in a wet or gelled condition, and illustrating 
progression of the reaction front from the cathode current collector toward the anode current collector. 
FIGURE 32 is a cross-section of a cell of the invention as in FIGURE 2. and employing a hollow tubular anode cur- 
rent collector as a mass-control chamber. 

FIGURE 33 is a cross-section of a can-leas embodiment of a eel of the invention 

FIGURE 34 is a fragmentary cross-sect on showing top and bottom portions of the cell of FIGURE 33, further 
«5 enlarged. 

FIGURES 34A440 illustrate cross-sections of additional embodiments of top dosure structure of the ceH. 
FIGURES 35 and 36 show representative elevation views of apparatus useful for dosing and crimping the top and 
bottom members of can-less embodiments of cells of the invention. 

FIGURE 37 atam a cross-section of a can-less embodiment of ceUs of the invention, utilizing a hollow anode cur- 
so rent collector. 

FIGURE 38 shorn a cross-section of a can-less embodiment of eels of the invention, utilizing a hollow anode cur- 
rent collector, having central openings in both the top and the bottom of the ceil. 
FIGURE 39 ilkistrates a cross-section as in FIGURE 38. and utilizing a modified bottom structure of the ceil. 
FIGURE 39A is a fragmentary cross-section showing top and bottom portions of the eel of FIGURE 39. further 
55 enlarged. 

[0036] The invention is not limited in its application to the details of construction or the arrangement of the compo- 
nents set forth in the following description or illustrated in the drawings. Trie invention is c*»He of other embodiments 
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or of being practiced or carried out in various ways. Also, it is to be understood that the terminology and phraseology 
employed herein is for purpose of description and illustration and should not be regarded as limiting, uke reference 
numerals are used to indicate like components. 

f DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

(0037] An elongate cylindrical metal-air cell 10 is shown in pictorial view in FIGURE 1 . A longitudinal cross-section of 
the cell of FIGURE 1 is shown in FIGURE 2. An enlarged portion of the cross-section of the cell of FIGURE 2. at the 
bottom of the cell, is sho*n in FIGURE 3 A. An enlarged portion of the cross-section of the cell of FIGURE 2. at the tcp 

w of the cell, is shown in FIGURE 38. 

[0038] The structure of cell 10 represents the result of applicant drawing on a combination of technologies including 
from, among other places, (i) 2-electrode cylindrical bobbin cell technology (e.g. zinc-manganese dioxide round celts), 
and (ii) zinc-air hearing aid cell technology (zinc-air button cells), and making novel combinations using such informa- 
tion, in addition to elements novel in and of themselves, in arriving at cett 10 as illustrated, as well as other emoooiments 

is of the invention. 

[0039] As with zinc-air button cells, the active air cathode assembly in an elongate cell of the invention is quite thin, 
allowing for a large fraction of the cell volume to potentially be ocaped by zinc anode material, thus providing for dis- 
position of anode material in close proximity with the air cathode assembly adjacent the outer cylindrical sides of the 
elongate cell, as well as allowing for increased weight of anode material in the elongate cell. Greater anode weight 
20 potentially enables the cell to deliver about two to three times the discharge watt-hows of a standard 2 -electrode alka- 
line zinc-manganese dioxide cell of the same size and configuration. 

[0040] The dominant electrochemical reactions associated with operation of zinc-air cells, in general, are generally 
considered to be as follows. 

25 (anode half reaction) 2Zn + 40H~ ■ 2ZnO + 2H 2 0 + 4«~ 

(cathode half reaction) O, + 2B 3 0 + 4e* ■ 40B" 



( overall reaction) 2Zn + 0, ■ 22nO 



Similar reaction mechanisms can be derived tor electroactive reactions of other air depolarized celts. 

[0041 ] However, whereas in air depolarized button cells the air cathode is a generally planar element of the cell along 

35 the bottom wall of the cell, air cathodes in elongate air depolarized ceHs of the invention are disposed along the elon- 
gate, generally arcuate, side wails of the cells, whereby typical such air cathodes are correspondingly arcuate in shape. 
While typical elongate cells of the invention are cyfindrical. and thus have circular cross-sections, in the alternative, 
elongate cells of the invention need not be cylindrical. Rather, such cells can have a variety of cross-sectional shapes, 
including any closed-perimeter cress-section. The cross-section can thus be ovoid square, rectangular, a any other 

*o polygonal cross-section, arcuate cross-eaction, or combination of straight-line and arcuate cross-section. It is preferred, 
however, that the cross-section define a perimeter devoid of acute interior angles, such that the thickness of electroac- 
tive anode material between the cathode assembly and the anode current collector is relatively uniform about the perim- 
eter of the cell. 

[0042] Stifl referring to FIGURES 1. 2. 3A, and 3B, cett 10 has an anode 12. a cathode 14. a separator 16. and a grom- 
45 met 1 8. In general, anode 12 indudea anode mix 20, anode current collector 22. and an optional anode cap 24. Cath- 
ode U indudea a cylindrical air cathode assembly 26. a cathode can 28. and an optional cathode cap 30. Cylindrical 
air cathode assembly 26 indudes a cathode current collector 32. an active carbon catalyst 34. and an air diffusion mem- 
ber 36. Caffvde can 28 has a bottom wal 37 and a side wall 39. A mUtiplicrry of air ports 38. extend through, and are 
generally evenly dtatnbuted about side wall 39. for entry of air. and thus cathode oxygen, into the eel at the cathode. 
50 [0043] S^arator 16 serves as a barrier to flow of electricity between anode 1 2 and cathode 1 4, while accommodating 
flow of electrolyte between the anode and the cathode. 

(0044] Grommet 1 8 assists in blocking flow of electrolyte and electroactive anode material past the top edge of air 

cathode assembly 26. and out the top of the cell. Further, grommet 1 8 electrically insulates anode mix 20 from cathode 
current collector 32. Stifl further, grommet 18 separates, and eledricafty insulates, anode current collector 22 from the 
55 cathode, especially cathode can 28. 

[0045] Separator 1 6 and grommet 1 8 thus, in combination, prevent internal shorting of the cell; namely prevent direct 
flow of electridty between the anode and cathode internally (shorting) in the cdl without the application of sudi elec- 
tricity to a circuit outside the cel. 
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[0046] Both me anode and the cathode are impregnated with suitable alkaline electrolyte based on. tor exantiie 
aqueous potassium hydroxide liquid. 

THE CATHODE 

5 

[0047] Cathode 1 4 includes cylindrical air cathode assembly 26. cathode can 28. and optional cathode cap 30 Cyiin- 
drical air cathode assembly 26 includes cathode current collector 32. active carbon catalyst 34. and air diffusion mm- 
ber 36. Cathode can 28 includes bottom wail 37, side wail 39. and air ports 38 (FIGURE 3A) through side wall 39. for 
entry of air. and thus cathodic oxygen, into the cell. 

THE AIR CATHOOE ASSEMBLY 

[0048] Air cathode assembly 26 is structured with active carbon catalyst 34 generally interposed between current col- 
lector 32 and air diffusion member 36. In the cylindrical environment, in the preferred embodiments, the cathode current 
ts collector and the active carbon catalyst, in combination, generally form the inside surface of the cathode assembly and 
the air diffusion member generally forms the outside surface of the cathode assembly. The irwmon does contemplate 
embodiments wherein active carbon catalyst fully encloses the inside surface of the cathode current collector ooooshe 
the reaction surface area such that the inside surface of the cathode assembly is defined generally overall by an inner 
surface of the active carbon catalyst 

20 

THE CATHODE CURRENT COLLECTOR 

[0049] As illustrated in FIGURE 4, cathode current collector 32 has a cylindrical configuration and collects and trans- 
ports electric current at and through, to and from, the cathode. The cathode current collector generally provides that 
25 structural material which contributes most to defining the overall length, and the inner diameter, of the air cathode. In 
the embodiment illustrated in FIGURE 4, the current collector further provides substantially all the structural hoop 
strength present in the air cathode. 

[0050] A preferred embodiment of cathode current collector 32 for use in an elongate cylindrical cell is illustrated in 
FIGURE 4 and is generally made from a square or otherwise rectangular, perforated metal sheet 40. illustrated in FIG- 
30 URE 5. Metal sheet 40 has top and bottom edge portions 42. 44. respectively, and right and left edge portions 46. 48. 
respectively. As illustrated in FIGURES 4 and 5. top and bottom edge portions 42. 44. and right and left edge portions 
46. 48. are preferably not perforated like the remainder of sheet 40. 

[0081] While top and bottom edge portions 42. 44. and right and left edge portions 46. 48. can have some perforations 
in some embodiments, the high level of perforations extant over the remaining majority of sheet 40 is not preferred in 

33 especially right and left edge portions 48. 48. 

[0052] For a *AA" size elongate call, top and bottom edge portions 42, 44 typicaly have widths "W1 * of about 0. 1 inch. 
See FIGURE 8. As discussed hereinafter, bottom edge portion 44 provides a smooth surface for facilitating electrical 
contact between current collector 32 and the cathode can. Top edge portion 42 provides a smooth surface tor assisting 
in creating a seal against leakage of liquid electrolyte past the cathode assembly and grommet 1 8. 

40 [0053] Current collector 32 can be fabricated from a metal sheet as illustrated in FIGURE 5 into a cylindrical config- 
uration such as that shown in FIGURE 4 by, for example, welding, such as laser butt welding (FIGURES 4A. 48). 
respective left and right distal edges 50. 52 of edge portions 46, 48 to each other to create a joint 54 along the length 
of the cylindricaHy configured sheet 40. thereby to fixecfy secure the cylindrical configuration. 
[0054] While joint 54 can be formed by e.g. welding overlapped elements of the structure of edge portions 46. 48. the 

43 resulting double thickness of sheet material 40 at the resulting joint 54 is not preferred. Accordingly, joint 54 is preferably 
fabricated without layer-on-layer overlapping of the structures of edge portions 46, 48 one on the other. Rather, distal 
edges 50. 52 are preferably butted against each other in fabrication of the butt welded embodiments shown in e.g. FIG- 
URES 4A 4& 

[0058] The ilusMad ag. butt wekf ng thus creates loncjtudinaJ joint 54. which can be a series of spot welds (FIGU RE 
so 4B). or can be a eontnuous weld (FIGURE 4A). Any other operable method of joining edges 50, 52 which thereby effec- 
tively converts metal sheet 40 into the cylindrical, or otherwise dosed, configuration seen in FIGURE 4. is acceptable. 
The recited exemplary and preferred laser butt welding of metal sheet 40 can be done by Laser Servicee. inc., West- 
ford. Massachusetts. USA. 

[0056] Right and left edge portions 46. 48 typically have widths "W2* of about 0.03 inch, to provide desirable quantities 
55 of material from which butt weld 54 can ba formed. 

[0057] Metal sheet 40 includes perforations 56 (FIGURES 5. 6. 7) extending through the thickness T1 * (FIGURE 7) 
of metal sheet 40. from outer surface 58 to inner surface 60. A typical such metal sheet suitable tor fabricating cylindri- 
cal current collector 32 tor a 'AA* size elongate cell, contains about 4000 of such perforations 56 as illustrated by Table 
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15 



20 



i . The number of Decorations depends on the sizes and configurations of the perforations, and me widths "W3* of wees 
62 between the respective perforations. Perforations 56 are preferably regular hexagons, measuring about 02 inch 
between opposing straight sides thereof- In the embodiments illustrated in FIGURES 4. 5, and 6. the widths *wr of 
webs 62 are preferably also about 0.02 inch. Accordingly, in the embodiments illustrated in FIGURES 4. 5, and 6. per- 
forations 56 represent about 65% of the overall surface area of metal sheet 40. In general, tor a cell intended tor use to 
deliver a high rate of electrical dscharge, perforations 56 should usually represent about 45% to about 70% of the over- 
all surface area of that portion of metal sheet 40 which is perforated. 

[0058] While perforations 56 have been illustrated as regular hexagons, a variety of other shapes are acceptable. 
There can be mentioned, for example, circles, squares, and e.g. equilateral triangles. Circular perforations 56 are illus- 
trated in current collector 32 shown in FIGURE 8. Square perforations 56 are illustrated in current collector 32 snown m 
FIGURE 9. However, because of advantageous resulting strength of the so-fabricated cathode current collector, and 
effective securement of the active cathode catalyst to current collectors having hexagonal perforation, regular hexago- 
nal perforations 56. as illustrated in FIGURES 5 and 6. are preferred. After hexagons, the other shapes which create 
corners are preferred because the corners improve securement of the active cathode catalyst to the current collector, 
as compared to. for example, circles, ellipses, and tike shapes which are devoid of corner structure where two side 
edges of the corresponding opening come together. 

[0059] Table 1 illustrates typical parameters of various perforations such as those shown in FIGURES 5 and 6 for a 
cathode current collector sized for a *AA' size elongate cell. The column labeled "Open %' refers to that portion of the 
metal sheet which is perforated, irrespective of edge portions 42, 44. 46. 48. 



Perforation 



TABLE 1 
Spacing Between Perfs Open 



2S 


Perf Dimension*, inch Perfa 




Per 


Area Circ Open 

InL Inch* % 


Tvoe w 


h 


horiz 




Cell 
4285 




Hex .020 


.023 


.025 


.021 


1.63 296 65% 




Circle. 021 


.021 


.025 


.021 


4276 


1.48 282 59% 


30 


Square. 020 


.020 


.025 


.025 


3600 


1.44 288 57% 




Triangle. 023 


.020 


.025 


.017 


5294 


1.22 366 49% 



35 



* - Running circumference, in inchea, namely the sum of the 
circumferences of all the perforations. 



40 

[0060] In general, the reaction sitae where the cathode half reaction takes place are believed to be located toward the 
outer surface 63 of active carton catalyst 34. Since electrolyte flows through perforations 56 to reach the reaction sites, 
the fraction of the projected cross-section of current coflector 32 which is represented by the perforations 56 has an 
45 influence on the reaction rata The greater the fraction of the surface area of current collector 32 represented by the per- 
forations, the grafter the potential capacity of the cathode assembly for movement of electrolyte through the perfora- 
tions; and thus the greater the potential reaction rata 

[0061 ] Where a leeaer fraction of the surface area of the current collector is represented by the perforations, the poten- 
tial reaction rale is correspondingly less. Thus, assuming that other parameters are not otherwise controlling, the pro- 

so jected area of tie perforations can positively, or negatively, affect the reaction rata Where the perforations represent a 
significant limiting factor in the reaction rate, the open fraction of the current collector surface area thus represents the 
ability to design the current collector as the control mechanism for determining the overall limiting reaction rate of the 
cell, and thus the limiting current of the cell. Accordingly, where it is desired to increass. or decrease, the limiting current 
of the cell, the number and/or sizes of perforations 56 can be specified accordingly. 

55 [0062] Where the sizes of perforations 56 are desirably reduced, but limiting current is to be maintained or increased, 
the number of perforations is accordingly increased. Thus, the number and sizes of perforations 56 depends in general 
on the performance parameters desired for cell 10. in combination with the physical strength required of the current col- 
lector. The inventors thus contemplate a wide range of sizes tor perforations 56. and a wide range of numbers of perfo- 
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rations, tor a given ceil size, which can be used tor cathode current collectors 32 of the invention. Accordingly, m a size 
"AA" elongate ceil, the number of perforations 56 can be as low as about 200 where a high rate of electromotive Ibrce 
production is not necessary. 

[0063] If cathode current collector 32 has less than about 200 perforations, and maintains the perforations having the 
s suggested range of fractions of the overall surface area of the current collector, the physical strength ol the current col- 
lector and/or securement of the active carbon catalyst to the current collector may be compromised. 
[0064] In general, increasing the number of perforations does not appear to have any negative affect on cell perform- 
ance. Howler, as the number of perforations is increased over a given metal sheet surface area, the sizes of the per- 
forations necessarily decrease. Further, as the target size of the perforation is reduced, the ability to fabricate 
'o perforations to precisely uniform and controllable sizes, configurations, and spacing, decreases unless additional fabri- 
cation controls are employed. 

[0065] Whatever the target number of perforations and the target size of the perforations, it is preferred that all perfo- 
rations on a given current collector be generally the same size, and that the perforations be generally uniformly distrib- 
uted over the perforated region 55 of the current collector. The perforated region 55 is that portion bounded by the 

rs imperforate top. bottom, left and right portions, as appropriate, "imperforate" border regions include any border region 
or portion of a border region which is perforated to an extent significantly less than the extent of perforation of the central 
region, whereas "truly imperforate" refers to e.g. border regions which are fully without perforations, it is within the 
scope of the invention that any one current collector have any one. any combination, or al. of perforated borders, imper- 
forate borders, and truly imperforate borders. 

20 [0066] In particular, the smaller the target size for the perforations, the greater the difficulty, and cost of repeatedly 
making the perforations to specific size, configuration, spacing, and/or location. Thus, as the target size of the perfora- 
tions is reduced, one either sacrifices precision and repeatability of size, configuration, spacing, and/or location of the 
perforations, or tolerates increased cost. Howarer. where suitable manufacturing controls are in place tor fabricating 
perforations 56. and the cost can be tolerated, the number of such perforations in a cathode current collector sized for 

25 a ~AA° size elongate ceM. can be any number up to and including 10.000 perforations, or more. However, tor a "AA" size 
cell, the number of perforations is preferred to be about 500 to about 6000 perforations, with a normal average number 
of perforations being about 4000 perforations. 

[0067] Accordingly, the actual number of perforations used in a particular implementation of the invention results from 
balancing the benefit if any, in the particular use tor which the cells are planned, of a larger number of smaller perfora- 
te tions against the cost of mating such larger number of smaller perforations. 

[0068] The acceptable range of the number and sizes of perforations, of course, depends on the size of the overall 
surface area of metal sheet 40 being perforated. Thus, where a larger cell is being fabricated, and a respectively larger 
overall surface area of metal sheet is being perforated as the current collector, the upper end of the range of the accept- 
able number of perforations is increased accordingly. Where a smaller cell is being fabricated, and a respectively 
35 smaller overafl area is being perfor at ed as the current collector, the lower end of the range of the acceptable number of 
perforations is reduced accordingly. 

[0069] In the preferred embodiment perforations 56 as in FIGURES 5 and 6 are preferably fabricated by placing a 
suitable photo mask on metal sheet 40. The unmasked areas of the sheet are then acid etched to thereby fabricate the 
perforations. 

40 [0070] In an alternate construction, current colector 32 can be made of woven wires rather than a perforated metal 
sheet Preferred screen size corresponds to greater size wire and openings than 200 standard mesh size. Mesh sizes 
of about 16 to about 100 tend to work weH. Mesh sizes 24. 37, and 40 work particularly wel. Similar sizes tor perfora- 
tions 56 and webs 62 are contemplated in the embodiments made with etched metal sheet. 
[0071 ] In some embocfiments. metal sheet 40 is perforated right up to and including right and left distal edges 50. 52, 

45 while edge portions 42, 44 are retained imperforate, whereby edge portions 46. 46 are obviated. Further, woven wire 
embodiments may not indude imperforate edge portions 46, 46. In such embodiments, butt welding of distal edges 50, 
52 to create joint 94 is somewhat more difficult because of the void spaces between webs 62 at dstai edges 50. 52. or 
between adjacant wires in woven wire embodiments. In place of butt welding, cooperating webs 62, or corresponding 
wires 62. can beinfterdigrtated, and edges of such interdigptated webs or wires can be welded together as a third exam- 

so pie of methods of forming joint 54. Given the greater precision required tor joinder of edges 50. 52. where perforations 
56 extend to edges SO, 52. fabrication considerations suggest that such embodiments are not preferred. 
[0072] In still other embodiments, metal sheet is perforated right up to top and bottom distal edges 57. 59. while edge 
portions 46, 46 are or are not retained imperforate, whereby edge portions 42. 44 are obviated, in such embodiments, 
use of the upper edge area of cathode current collector 32 In forming a seal against electrolyte leakage may be some- 

55 what degraded such that there may be a need to employ other provisions tor leakage control. Similarly, use of the lower 
edge area of the cathode current collector as a contact surface tor making electrical contact with the cathode can may 
be somewhat less robust than imperforate embodiments, such that other provisions for electrical contact may be 
employed. However, such spaced contacts between the cathode current collector and th cathode can a other cathode 
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terminal is routinely used with satisfactory result in air depolarized button cefls. Nonetheless, considerations of per- 
formance potential suggest that perforations up to too and bottom distal edges 57. 59 are not preferred. 
[0073] Metal sheet 40 can be made from any material which provides suitable conductivity fa collecting and trans- 
mitting the electrical current flowing through the cathode, while tolerating the alkalin electrolyte environment Typcal 

5 material for ~etai sheet 40 for embodiments illustrated in FIGURES 1 . 2. 3A. 3B. 4, 5. 6. and 7. for a size "AA" elongate 
cell, is nickel sheet .005 inch thick. The range of thicknesses of the cathode current collector for a size "AA - ceil is from 
about .003 me* to about .010 inch. Thinner materials outside the recited range may be difficult to fabricate, ard may 
lack sufficient structural strength. Thicker materials may be too rigid to fabricate into annular shape. In addition, such 
thicker materials do use greater amounts of raw materials, and do occupy a greater fraction ol the limited space avail- 

to able inside :ne cell. 

[0074] ><* full complement of sizes within the recited range can be utilized in the invention, for example and without 
limitation. jOa inch, .006 inch. .007 inch, or .008 inch. Thinner material is preferred where emphasis is otaced on min- 
imizing the thickness of non-reactive materials, thus to provide greater internal volume inside the cell for packing m a 
greater <*jantity of electroactive anode material or thus to control weight of the cell. Thicker material is preferred where 

is emphasis is placed on physical strength and/or rigidity of the air cathode assembly. 

[0075] Hoop strength of annular current collector 32 as in FIGURE 4 is related to the mathematical square of the thick- 
ness of sheet metal 40. Thus, the strength of a current collector .007 inch thick has approximately two times the hoop 
strength (7 X 7 • 49) of a corresponding current collector which is .005 inch thick (5 X 5 ■ 25). Overall, the ratio of the 
strength of the .007 inch thick current collector to the strength of the .005 inch thick current collector is thus 43/25 * 

20 1.96/1. 

[0076] In other embodiments, metal sheet 40 is replaced with e.g. cross-bonded woven wire of a size similar to metal 
sheet 40. In such structure, the wires generally take the place of webs 62. The diameter ol such woven wire is generally 
about .003 inch to about .010 inch thick and includes the ful complement of sizes within the redted range, as recited 
herein for the sheet metal thickness. Current collectors can be fabricated from such wire by butt welding, as in FIGURE 

25 4, adjoining surfaces of respective cooperating wires in the weave in place of butt wetting, cooperating wires can be 
interdigitated as discussed herein above, and cooperating edges of such interdigitated wires welded together, as shown 
in FIGURE 4C The bottom edge of FIGURE 4C iflustrates perforations 56 extending to the distal edge 59 of the bottom 
of the current collector. FIGURE 4C further illustrates the wires (e.g. 62) interdigrtated at the lower portion of the FIG- 
URE, and the interdigitated wires welded to each other to form joint 54 a! the upper portion of the FIGURE. 

30 [0077] Still another embodiment of the cathode current collector is represented by an article woven or otherwise fab- 
ricated as a seamless annulus. eg. cylinder. Where a seamless annutus is woven, top and bottom edge portions 42. 
44. and right and left edge regions 46. 48, are obviated, although imperforate edge portion elements representative of 
imperforate edge portions 42. 44 can be secured to the woven article as by welding at or adjacent upper and lower dstal 
edges of the seamless annular currant collector. 

35 [007S] Regarding other materials which can be used in place of the nickel sheet there can be mentioned nickel plated 
steel, nickel plated stainless steel such as 305 stainless steel, nickel plated iron, and tike materials, either alone or as 
composite compositions or platings, such other like materials being, for example, noble metals such as gold, silver, plat- 
inum, palladium, iridium, rhodium, and the like, which can tolerate the alkaline environment inside the ceN without 
excessive local e.g. gas generating reactions. Where a plating is used, the substrate is preferably plated after perfora- 

40 tions 56 are fabricated. 

[0079] FIGURES 5 A, 58, 5C. and 50 represent a further implementation of the concept of providing a cathode current 
collector 32A in an air depolarized ceil 51 0, wherein the cathode current coleclor has an imperforate border region 61 A, 
the outer edge 67A of imperforate border region 61 A being an elongate electrical contact surface provkf ng electrical 
contact directly or indirectly, with cathode can 528 or other cathode conductor or terminal. In the embodiments repre- 

45 sented by FIGURES 5A. SB, 5C. and 50. current collector 32A represents a flat sheet configuration such as the flat 
disc-lika configuration used lor cathode current collectors in commercially available air depolarized button cells. 
[0060] As seen in FIGURE 5A, current collector 32A has a generally perforated central region 55A. and an imperforate 
border region 61A extending entirely about and thus generally encompassing or surrounding the central region. While 
any of the above iluatrated or suggested configurations can be employed for the perforations, perforations 56A further 

so illustrate perforations having square configurations. 

[0061] OptioneJ slots 65A extend inwardly from outer edge 67A of border region 61 A. generally toward the central 
region, and may extend the full distance to the central region. Slots 65A provide structure effective to enhance predict- 
ability, repeatability, and thus overall control of doming of the cathode assembly, the doming being illustrated at 529 in 
FIGURE 50. in an air depolarized button cell. Namely, the number, and the shines, such as depths and widths, of slots 

55 65 are related to the degree of doming of the air cathode assembly. 

[0062] A wide range of shapes are contemplated for slots 65 A. induing without Hmrtation the iltastrated rectangles, 
as well as squares, circles, semicircles, triangles, slits, dart-shaped openings, irregular openings, and the like. While 
the illustrated rectangular slot openings extend generally perpendicular to outer edges 67A. other angles and opening 
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shapes can be used so long as the respective openings extend generally toward centra) region 55A. Accordingly, in 
general, and with allowance for variations according to the shapes of slots 65A. the greater the fraction of the surface 
area which is defined by width "W5* and which is also occupied by slots 6SA, the greater is the control ovw doming. 
[0083] The invention contemplates a variety of widths "Wr of border region 61 A. Where a seal or grommet 518 is 

5 used between an anode can 53 1 and cathode can 528 in a button ceil, as illustrated generally in FIGURE 50. such seaJ 
or yommet overlies an outer perpheraJ portion of the air cathode assembly, thereby blocking off that outer perpheral 
portion of the air cathode assembly from access to anode material at the separator. Such blocking off of the outer 
peripheral portion of the air cathode assembly significantly reduces usefulness of that outer peripheral portion in the 
cathode half reaction, such that the remaining inner portion of the air cathode assembly, namely that portion inwardly 

to of and not blocked off by. the seal or grommet. is sometimes referred to as the reaction surface area or similar nomen* 
clature. 

[0084] Returning again to FIGURE 5A. the width "WT of border region 61 A can generally correspond with the entire 
outer peripheral portion of the air cathode assembly, which will face the seal a grommet. without negatively affecting or 
otherwise controlling the useful size of the reaction surface area of the air cathode assembly. And the wider the border 
is region, the more effective is the border region in assisting in controlling doming of the cathode assembly, and in assist- 
ing in controlling leakage of electrolyte around the outer edge of the cathode assembly, as well as providing improved 
electrical contact with the cathode can, as compared to a current collector wherein the border region and central region 
are similarly perforated. 

[0085] While current collector 32A is preferably configured as a single sheet having suitable perforations, slots, etc.. 
20 a variety of other structures and configurations are contemplated, along with corresponding methods of fabricating such 
other structures and configurations. For example, the current collector can be made from an imperforate band affixed, 
as by welding, to a woven wire central region. 

[0086] in current collector 32A. e.g. sheet material structure used in central region 55A, wire structure used in cvitral 
re^on 55 A. or sheet or wire used in border region 61 A, can have thicknesses of about .003 inch to about .010 inch, with 
23 thicknesses of about .004 to about .008 inch being preferred. Most preferred material thictoiesses are about .005 inch 
to about .007 inch, including about 006 inch. 

[0087] The range of materials which can be used to fabricate current collector 32A includes the same compositions, 
and the same structures, as are recited above tor current collector 32. Any known method tor making perforations in 
metal sheet can be used to make perforations 56A, including the use of woven wire to fabricate the perforated central 
30 region, or the above noted combination of photo mask and acid etching of metal sheet Thus, 'perforated/ "imperfo- 
rate." and like expressions include, without limitation, both perforated metal sheet material, woven wire articles, and arti- 
cles made of woven web material. Web material is an elongate wire-like or strap-like structure having width neater than 
top -to-bottom thickness. 

[0088] Perforations 56 A, and the corresponding webs, can have any of the shapes and configurations described 

35 above for perforations 56 such as square, circular, hexagonal, and the like. 

[0069] FIGURE 5C illustrates generally a process for fabricating current collectors 32A. As suggested in FIGURE SC. 
cooperating registration holes 533 are fabricated along opposing edges 535. 537 of a suitable metal strip 539 having 
thickness and composition consistent with the above recited thicknesses and compositions. Suitable photo mask and 
acid etching are then employed, in cooperation with registration holes 533. thereby to fabricate multpe spaced circular 

40 arrays 541 of perforations 56A representing respective central portions 55A of precursors of current collectors 32 A. The 
respective arrays 541 are subsequently punched from metal strip 539. along with a correspond ng border region about 
each array, to thus fabricate a co rresponding number of cathode current collectors 32A. As an array is punched out of 
strip 539, the correspondingly punched border region becomes region 61 A in the respective current collector 32 A. 
[0090] An advantage of the border region 61 A, as compared to a current colector made entirely of woven wire or the 

45 like, is that the entire outer edge 67A of the border region is available for mating electrical contact with the cathode can 
whereas only ends of the respective wires are so available in a current collector made entirely from wire, for making 
electrical contact with tie cathode can. In addition, the border region participates in the formation of an effective seal 
against leakage of ele ct o r a t e out past the grommet and thence out of the cel. 

w THE ACTIVE CARBON CATALYST 

[0081 ] Active carbon catalyst 34 is generally supported on current colector 32. The active carbon catalyst provides 
reaction sites where oxygen from the air reacts with water from the electrolyte. eg accord ng to the above cathode half 
reaction, to generate the hydroxy! ions which ve later used in the anode to release electrons, e.g. according to the 
55 anode half reaction. Carbon particles in the active carbon catalyst thus provide solid reaction sites for the aiMkjuid inter- 
face where aqueous liquid and gaseous oxygen come together and effect the electroactive cathode half reaction. 
[0092] The carbon catalyst cooperates with the current collector in collecting and/or conducting current within the 
cathode in support of the cathode half reaction. 



12 



EP0940 870A2 



[0093] in order to limit internal resistance in the cathode, during the process of joining carbai catalyst to the current 
collector, the carbon catalyst is brought into intimate contact with current collector 32. including and especially at per- 
forations 56. Referring to FIGURES 3A. 7 and 10. carbon catalyst 34 preferably extends through perforations 56 and 
extends outwardly of the projections of perforations 56 at and adjacent inner surface 60 of current collector 32. Thus. 

5 the carbon catalyst is generally intimately interlocked with current collector 32. through perforations 56. *out the perim- 
eter edges of the respective perforations, at both outer and inner surfaces 56. 60 of the current collector. 
(0094] Referring to FIGURE 10, upon completion of assembly of the carbon catalyst to the cathode current collector, 
carbon catalyst 34 preferably covers the entirety of that portion of cylindrical outer surface 58 of the current collector 
which lies between top edge portion 42 and bottom edge portion 44 

-o [0095] Carbon catalyst 34 is a combination of carbon particles, a binder, and processed potassium permanganate. 
During processing of the potassium permanganate in creating carbon catalyst 34. the carbon reduces the manganese 
to valence state +2 (hereinafter "manganese (II)"). The combination of valence state +2 manganese, with suitably acti- 
vated carbon, acts successfully as catalyst for reduction of oxygen in air cathodes. As a result of in situ reactions, cat- 
atyticalty active manganese (II) forms in the matrix of the active carbon catalyst. 

is [0096] Carbon catalyst 34 can be fabricated, and mounted on current collector 32 as follows. The carbon used m fab- 
ricating catalyst 34 is represented by carbon particles having surface area greater than 50 square meters per gram 
(rrf/g). preferably greater than 150 rrrVg. more preferably greater than 250 nV/fc. still more preferably between about 
250 rn^/g and 1500 rrf/g, yet more preferably between about 700 rr^/g and 1 400 nr^/g. further more preferably between 
about 900 rrrVg and 1 300 rr^/g. and most preferably between about 1000 mftg and 1 1 50 rrrVg. 

20 [0097] In a preferred embodiment carbon of the present invention has the following characteristics; surface area 
between 1000 rr^/g and 1 150 rrrVg, apparent density of about 0.47 g/cc to about 0.55 g/oc. preferably about 0.51 g/cc; 
real density of about 1 .7 g/cc to about 2.5 g/cc. preferably about 2.1 g/cc; pore volume of about 0.80 to about 1 .0 g/cc. 
preferably about 0.90 g/oc; specific heat at 100 degrees C of about 0.20 to about 0.30, preferably about 0.25; and about 
65% to 75% of such material wil pass through a wet -325 US Standard mesh screen wherein \he nominal opening size 

25 is .001 7 inch (.045 mm). Such preferred carbon is available as PWA activated carbon from Activated Carbon Division 
of Calgon Corporation, Pittsburgh, PA. 

[0098] Generally, a range of carbon particle sizes is acceptable tor processing of the material required in fabricating 
the active carbon catalyst P article size can be measured using a laser light scattering technique such as. for example, 
that provided by using a Model 7991 MICROTRAK particle-size analyzer manufactured by Leeds & Northrup. 
30 [0099] Typical particle sizes of particles of the preferred PWA carbon are given numerically in Table 2. 



TABLE 2 



35 


Particle Size of PWA Activated Carbon Par- 
ticles 


Diameter, Microns 


Volumetric Percent 




125-176 


-0- 


40 


88-125 


11.8 


62-88 


7.1 




44-62 


9.7 




31-44 


17.1 


45 


22-31 


12.4 




16-22 


7.4 




11-16 


7.3 


50 


7.8-1 1 


10.0 


5.5-7.8 


5.1 




3.9-5.5 


5.6 




2.8-3.9 


4.1 


55 


0.0-2.8 


2.0 



[0100] As illustrated in TABLE 2. PWA activated carbon particles have sizes ranging primarily between about 8 
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microns and about 125 microns, with about 71% by volume being small enough to pass through the 045 mm ooenmg 
of a *325 mesh screen, about S5% by volume of the particle sizes being between 1S microns and 125 miaons. about 
40% by volume being between 22 microns and about 62 microns, and a small fraction of about 6% by volume being 
less than 4 miaons. 

s (0101 J in the embodiments contemplated for use in this invention, a degree of physical mechanical inteyity is required 
of sheets of the atfive carbon material to enable the process of joining and securing the active carbon to the cathode 
current collector To that end. polymeric halogenated hydrocarbon binder, or other suitable binder, is distributed sub- 
stantially evenly throughout the mixture of carbon particles and manganese moiety. While choosing to not be bound by 
theory, applicants belike that, in some embodiments, upon completion of the steps performed in fabricating the carbon 

w composition into finished sheet form, the halogenated hyfrocarbon binder forms a 3-dimensional web of interiocfcng 
fibers or fibrils of the binder material, thus imparting desired physical sheet mte^ity to the active carbon catalyst com- 
position/mixture. 

(0102] A preferred binder is pclytetrafluoroethytene (PTFE). The optimum amount of PTFE is about 5% by weight of 
the finished active carbon catalyst product. Other binders known to bind carbon particles of the stated size range, m 

'5 fabricating electrodes, are acceptable. 

[0103] More or less binder can be used, between about 3% by weight and about 10% by weight. Where less than 
about 3% binder is used, the binding effect may be unacceptabry low. Where greater than 10% bind* is used, dielectric 
or electrical insulating properties of the binder can result in less desirable electrical performance of the electrode. 
(0104] The following steps can be used to make the active carbon catalyst. 1000 milliliters of distilled water is placed 

20 in a non-reactive container. 1 9 grams of KMn0 4 (potassium permanganate) are added to the container. The mixture of 
KMn0 4 and water is mixed for ten minutes. 204 grams of PWA activated carbon having appropriate particle sizes set 
forth above are added slowly to the central mix vortex while mixing is continued. After ten minutes of further mixing, 51 
grams of PTFE (TEFLON T-30 available from OuPont Company. Wilmington. Delaware) is added slowly, uniformly, and 
without interruption to the mix vortex, and mixing is continued for yet another ten minutes at the speed required to main* 

25 tain a vortex in the mix after the PTFE is added, so as to make a generally homogeneous mixture of the liquid and solid 
components and to ftorillate the PTFE. 

[0105] The resulting powder mixture is then separated from the water by e g. filtration through Whatman #1 or equiv- 
alent filter paper, and heated in an even at about 100 depees C. to about 140 degrees C. fori6 hours or until <*y. to 
obtain a dry cake of the carbon, manganese moiety, and PTFE. 

30 (01 08] 3 grams of Black Pearls 2000 carbon black, and optionaly 5 gams of pre-densif ied cathode mix from previous 
manufacturing runs, are placed in a Model W10-B Utfleford Lodige High Intensity Mixer along with the above-obtained 
dry cake of carbon, manganese moiety, and PTFE. The mixture is mixed at 2600 rpm at ambient temperature for 30 
minutes, or until any and all agglomerates in the mixture are broken down, and the mixture becomes free flowing, 
thereby to make a free-flowing powder mixture 64. 

35 [0107] The resulting free flowing powder mixture 64 is rolled into web form in a manner generally illustrated in FIGURE 
1 1 . Referring to FIGURE 1 1 . carbon powder mixture 64 is placed in a hopper 66 and fed downwardly through the hop- 
per to a discharge opening such as slot 68. which feeds the powder mixture to a first nip formed by a pair of polished 
steel rolls 70 at suitable speed to position a sufficient amount of the carbon powder mixture above the nip formed 
between the rolls, with which to form a generally continuous web of such powder mixture. Rolls 70 are driven in coop* 

40 erating directions illustrated by arrows 72, at constant common speeds, thus to draw the powder into the nip between 
the rolls. The spacing between rolls 70 is set at a fixed distance sufficient to draw the carbon powder mixture into the 
nip and. by the pressure exerted on the carbon powder mixture as the mixture passes through the nip, to fabricate me 
carbon powder mixture into a web 74, having a thickness of about 0.004 to about 0.010 inch, preferably about .004 inch 
to about 006 inch, and a with machine dfrection (MO) and a cross machine direction (CO). The constant speed of rolls 

45 70 produces a web 74 having a relatively uniform thickness along the length of the web. 

[01 00] While the web fabricated at role 70 can thus be consolidated from powder form to a single web body, the web 
so fabricated is quia fragile. 

[0109] After the web is consolidated as illustrated in FIGURE 1 1 , the web may be wound up as a roll (not shown) or 
otherwise coneotdstad or packaged tor storage and/or shipment. In some embodiments, web 74 is cut cross-wise 

5a (along the CO doedton) to thereby produce individual, e.g. generally rectangular sheets 80, illustrated in FIGURE 12. 
in such embodiments. 2 to about 6 such individual sheets 80 are stacked on top of each other with the machine direc- 
tion (MD) in sequential sheets in the stack being oriented transverse, preferably perpendicular, to each other. FIGURE 
12A shows such a stack 82 of 4 sheets 80A. 808, 80C. 800. Arrows 84 indicate the MO in each sheet illustrating the 
sheets being oriented perpendicular to each other. A stack of 4 such sheets, each having a thickness of about 0.005 

55 inch, has a combined thictoiess of nominally about .020 inch. 

[01 1 0] With sheets 80 so stacked and arranged, the 4-sheet stack is passed through a second nip illustrated by rolls 
86. RoUs 86 are shown spaced apart for illustration purposes in FIGURE 12 A. The spacing at the nip between rolls 86 
is set and held at a uniform nip gap significantly smaller than the sum of the thicfeiesses of the sheets in the stack. 
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[01 1 1 ] The size of the spacing between rolls 86 at the gap should be less than 75% of the combined thicknesses of 
the sheets mafcng up the stack. Preferred size of the spacing is from about 20% up to about 60% of the combined free 
thicknesses of the sheets making up the stack, wrth a more preferred range of about 25% to about 40% of the combined 
thicknesses. 

5 [0112] During processing of the stack 82 of sheets, rolls 86 preferably rotate at a generally constant speed ,n cooo- 
erating ejections illustrated by arrows 87, and thereby draw the stack into the nip. thus working the composrte 4-sheet 
stack. As stack 82 passes through the nip. the sheets are. in combination, mechanically worked by rolls 86 with th 
result that the worked composite sheet stack 82W is significantly stronger than the unworked sheets whether taken 
alone or in combination. The composite sheet stack is preferably so worked m suitable nps. preferably 'from 2 'o about 

io 6 times, or more, until the worked composite sheet stack is suitably toughened or otherwise strengthened that the 
resulting worked composite sheet stack 82W can be handled by commercial speed production equipment in fabricating 
elongate electrochemical ceHs of the invention having cathode assemblies having generally arcuate configurations gen- 
erally corresponding with the outer arcuate sides of the respective ceils 

[0113] The overall effect of the working of the stack of sheets is to reduce the thickness of the stack and to effectively 
is cross-bond and thereby consolidate the sheets to each other, such that the directionality of the strength of web 74 ( e g 
the MD/CO ratio of tensile strength) is more arenly distributed in the MO and CO Erections in the thus-consolidated 
unitary worked sheet 82W than in an unworked sheet of similar thickness. Namely, the ratio of crossing tensile strengths 
is closer to T in the unitary worked sheet than in the unworked sheets, whether the unworked sheets are taken indi- 
vidually or in combination. In addition, applicants contemplate that the work done in the first and second nips at rolls 70 
and 86 further ftoriRates the binder, and interconnects the associated fibrils, into a three-dimensiorai net-like arrange- 
ment of interconnected binder ftorils, thus to assist the binder in its role of binding the carbon and Mn(li) moieties into 
the resulting worked sheets 82W. or otherwise containing or holding the carbon and Mn(ll) moieties in sheet form. As a 
mechanical act the contemplated three-dimensional net-like binder arrangement is believed to receive and hold the 
carbon panicles in the sheet structure, primarily by mechanical entrapment. 

[0114] PTFE. as a binder, can also serve as a chemical bonding agent, bonding carbon particles together to farm an 
adhesivelyKjefined matrix. While adhesive properties of PTFE are generafly activated by heat, applicants contemplate 
that the work energy utilized in the working of the stack of carbon sheets as at the nip formed by rolls 70 and 86 may 
be effective to so heat the compositions of the materials being rolled as to concomrtantty and concurrently activate the 
adhesive properties ol the PTFE. Applicants thus contemplate that the bindng performance of the PTFE in active car- 
30 bon catalyst of the invention may be a combination of mechanical entrapment and such chemical adhesion. 

[01 1 5] The resulting worked sheet 82W is sufficiently strong, in al directions, to tolerate commercial processing. The 
typical worked sheet has an overall thickness in the range of about .003 to about .010 inch, preferably about .004 go 
about .008 inch, and most preferably about .005 go about .007 inch. 

[0116] The following description applies to assembling a worked carbon sheet 82W to a cylindrical cathode current 
35 collector 32 such as that described in FIGURE 4. A work piece 88 (FIGURE 14) of suitable size is cut as necessary, 
from worked sheet 82W. Work piece 88 has a width sized to cover the full length of cathode current collector 32. save 
top and bottom edge portions 42. 44. as shown in FIGURE 10. Thus, work piece 88 is narrower than cathode current 
collector 32 is long. 

[01 1 7] Work piece 88 has a length sufficient to wrap about the entire circumference of cathode current collector 32. 

40 and to provide for a modest overlap between the leading edge of the wrap and the trailing edge of the wrap. 

[0118] Work piece 88 is assembled to cathode current collector 32 using, for example, a 3-rotl stack 90 of assembly 
rolls 92A. 928. 92C. The lengths of rote 92A. 92a 92C are generaly greater than the lengths of the cathode current 
collectors whose assembly, to other elements of the air cathode assembly, they facilitate. Rolls 92A, 92 B, 92C are 
aligned with each other as shewn in FIGURE 14. and are spaced from each other whereby the rolls typically, but not 

45 necessarily always, rotate without touching each other. 

[01 1 9] Qpionaiy; and preferably, current colector 32 is first slipped over an e.g. steel mandrel 93. The mandrel gen- 
erally fits the apace across the cfemeter of the current collector. The current collector, in combination with the mandrel, 
when the mental Is used, is then inserted into the central opening defined by the stack of rolls 92A. 92B. 92C, as illus- 
trated in FIGURE 14. Pressure is then applied to the stack of rolls as illustrated by arrows 95. bringing the rolls together. 

so and against catwde current collector 32. Rolls 92B, 92C. are preferably fixedly mounted to a support such that rolls 
92B. 92C resist the pressure applied by roll 92A through mandrel 93 and current collector 32. Accordingly, the force 
applied by rol 92A is effectively applied to current collector 32 and mandrel 93. Thus, the pressure on the rolls causes 
the rolls to apply pressure to outer surface 58 of the current collector. 

[01 20] With pressure thus being applied to the outer surface of the cathode current collector in the midst of the 3-roil 
55 stack, workpiece 88 of the worked carbon sheet is directed into a third nip defined between the current collector and top 
roil 92A. centered between top and bottom edge portions 42. 44 of the current collector. E.g. top roll 92A is then driven 
in the direction indicated by arrow 94. 0 rives of bottom rods 92B. 92C are connected to the drive of top roll 92A through 
suitable gearing or other apparatus, not shown, which causes the bottom rolls to rotate in unison at constant and com- 
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mon speed and direction with top roll 92A, such that rolls 92A. 92B. 92C provide a common drive direction driving cath. 
ode current collector 32. 

[01 21 J With the roils and the current collector so turning in common, the current collector being driven collectively and 
in common by ;he role, and with a leading edge of carbon sheet work piece 88 disposed against the nip. the work piece 

5 is drawn into the nip by rotation of the. rolls and the current collector. As the work piece is drawn into the nip. downward 
force is being applied to top roll 92A and thus to cathode current collector 32. pressing the carbon sheet work piece 
against the outside surface of the cathode current collector. Rotation of rolls 92A, 928. 92C. and current collector 32 
continues. progressively drawing the work piece into the nip. and onto outer surface 58 of the current collector. 
[01 22] Accordingly, continued rotation of rolls 92A, 92B, 92C, and current collector 32 progressively brings the overall 

io length of each oortion of the work piece into sequential pressure relationships with all 3 of rolls 92A. 92B. 92C at the 
nips formed between the respective rolls and current collector 32. Rotation of the rolls, and of the current collector, con- 
tinues until th* rull length of the work piece has been worked by aJI three pressure rolls. 

[0123] As arawn into the entrance nip at roll stack 90. work piece 88 is a generally soft, pliable carbon-based sheet 
material. The pressure exerted by roils 92A. 92 B. 92C deforms the soft, carbon-based sheet material, thus 'extruding- 
's the carbon material into and through perforations 56 adjacent work piece 88 as illustrated in FIGURES 3A. 3B. and 7. 
[0124] As the so-extruded carbon material moves through perforations 56. the carbon material is confined to the 
cross-sections of the respective perforations. As the leading edges of the extrusions in the reepective perforations reach 
inner surface 60 of current collector 32. the carbon material encounters mandrel 93. whereby extension of the carbon 
material inwardly of inner surface 60 of the current collector is resisted and limited by mandrel 93. The combined forces 
20 of roll 92A and mandrel 93 thus squeeze the carbon material between them, causing lateral plastic deformation flow of 
the carbon material inwa/dy of inner surface 60. Thus, the leading edges of the carbon material, which is extruded 
through perforations 56. flow and extend outwardly of projections of the respective perforations 56 at and adjacent the 
inner surface of current collector 32. thus to mechanically interlock at least leading portions of the respective carbon 
extrusions to the cathode current collector by the mechanical interlocking of the carbon work piece between inner and 
23 outer surfaces of the cathode current collector, through perforations 56. 

[01 25] in the illustrated process, the resisting force of mandrel 93 limits the thickness of projection of the carbon mate- 
rial inwardly of inner surface 60 of the current collector. Overall, the result of the illustrated process is that the surface 
of the combination of current collector and carbon catalyst is a generally continuous matrix of webs 62 of the current 
collector interspersed with discontinuous regions of the carbon material, and wherein the carbon material extends 
inwardly of webs 62. typicafty about 1 mtHimeter or less. Other processes can be used, if desired to apply the carbon 
material as a layer, including over webs 62. such that the carbon covers substantially ail of the inner surface of the cath* 
ode current collector, and defines substantially the entirety of the inner surface of the combination of the current collec- 
tor and the carbon material. 

[0126] The common and relatively constant speeds of rolls 92 provide a generally uniform thickness T2" to the result- 
35 ing layer of carbon-based material which is applied to the outside surface 58 of cathode current coiector 32. 

[0127] In the embodiment illustrated in FIGURE 14. the pressure on the carbon sheet wortpiece and on the cathode 
current collector in stack 90 is applied by a pair of pneumatic cylinders (not shown) having working dameters (cylinder 
bore size) of 1 06 inches. The pneumatic cylinders urge top roM 92A downwardty against the outer surface of current 
collector 32 as illustrated by arrows 95. and apply force through current collector 32 and mandrel 93 against bottom roHs 
40 92B. 92C. 

[0128] As illustrated in FIGURE 1 4. downward force on top roll 92A is transferred through current collector 32 to man- 
drel 93 at top roil 92 A. and from mandrel 93 back through current collector 32 to rofls 92B. 92C at the interfaces of roHs 
92B, 92C with current collector 32. Accordingly, when downward force is applied to roll 92 A, with mandrel 93 and cur- 
rent collector 32 in place as seen in FIGURE 14, the force passes through mandrel 93 and is applied to current collector 
45 32, substantially simultaneously, at the 3 locations of linear contact namely the three nips, between current collector 32 
and respective roes 92A, 92B. 92C. 

[0129] The reUfarship of trie mandrel in the stack is such that the mandrel is held in the stack generally by the forces 
applied by the stack of roils. Namely, the mandrel generally floats, in surtace-to-surface contact with rods 92A. 92B. 92C. 
within the opening defined between roils 92A. 92B. 92C. both when roils 92A. 92B. 92C are motionless, and when the 
so rolls are turning in performance of the operations the roHs were designed to accomplish. 

[0130] As work piece 88 is introduced into the nip. the force being applied by the top rol against the current collector 
is thus imposed on the work piece, and much of the respective force is accordingly transmitted through the work piece 
to the current collector. As the work piece is drawn into the stack of rolls, force is first applied to the leading edge of the 
work piece by roll 92A. 

55 [0131] As the work piece leading edge progresses past roll 92A, the movement of the leading edge out of the nip at 
roll 92A correspondingly releases the nip force from the leading edge, and such force is correspondingly applied and 
released twice more as the leading edge respectively passes through the nips defined between ro«s 92B and 92C and 
current collector 32. The remaining portions of the carbon sheet work piece are likewise subjected to three consecutive 
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applications of lines of tore* at rolls 92A, 92B. 92C. with corresponding releases of the force between respective force 
applications as such portions pass into and through the respective working nips. Thus, when the full length of the work 
p>ec« has been received into the stack of rolls, and the stack is effecting rotation of the work piece in the stadt force is 
being simultaneously applied to the work piece at three spaced lines extending along the length ol current collector 33 
5 and respectively along the width of work piece 88. It will be understood that farce is being ^piied constantly and uni- 
formly to the rods, and that the application and release of force to current collector 32 and work piece 88 is a result of 
the current collector and work piece passing between a roll and the current collector (force applied) and out from 
between a roll and the current collector (force released), all while a preferably uniform force is being constantly applied 
to roil 92A, and thus at the three nips. 

'3 [01 32J !n the above process, some of the force at one or more of rolls 92A. 928. 92C performs the above noted steo 
of deforming the soft and pliable material of work piece 88. thereby to extrude the carton material into perforations 56 
as illustrated. The extent of the extrusion or other deformation of the workpiece at any given locus about the circumfer- 
ence of the outer surface of the current collector is a function of the nature and amount of forces applied at that locus 
by rolls 92A. 92B, 92C at their respective lines of contact with the work piece, in combination with the time over which 

15 the respective forces are applied as well as being a function of the nature of the surfaces of rolls 92A, 92B. 92C As 
force is increased for a given time interval over which the force is applied, in general, the amount of material deformed 
through perforations 56 increases. 

(01331 The length of work piece 88 is defined herein to be long enough to assuredly cover the entire circumference 
of current collector 32. As noted abore. the forces applied on the work piece as the work piece is being assembled to 

20 the current collector cause the work piece to deform. Such deformation includes deformation of the length and width 
dimensions, as well as the above described deformation of the thickness parameters. Accordingly, considering the plas- 
tic deformation of work piece 88, in order to ensure that the work piece fulfy covers the circumference of the current col- 
lector, the length of the work piece is specified such that the deformed length will be slightly longer than is axpected to 
be needed to fully cover tha circumference of tha current collector. Thus, by the time the full length of the work piece 

25 has been received at roll 92A. and the work piece has been plastically deformed in length, width, and thickness by th 
forces applied by stack 90 of rolls, the trailing edge of the work piece slightly overlaps the leading edge of the work piece 
on the current collector. 

[01 34] As the trailing edge of the work piece is pressed onto the current collector, and progresses about stack 90, the 
forces of rolls 92A, 92B. 92C. physically and plastically deform the combination of the leojing and trailing edges thus to 
30 create a smooth boundary between the leading and trailing edges of the work piece in application of the carbon-based 
material to the cathode current collector, to thus form, mount, bind, secure, and otherwise join tha active carbon catalyst 
onto the current collector, and wherein the current collector serves as a substrate receiving the deformable carbon work 
piece thereonto. 

[01 35] Similarly, if the residence time over which a given amount of force is appii ed is increased, the amount of carbon 
33 work piece material deformed through perforations 56 increases. Thus, to the extent the speed of rotation of rolls 92A. 
92B, 92C is inconsistent, and a constant force is being applied, the time over which force is applied to given locations 
about the circumference of the current collector is similarly inconsistent, whereby tha amount of material deformed 
through perforations 56 is likely to be inconsistent, resulting in varying thicknessas *T2" about the circumference of the 
cathode current collector and varying thicknesses of projections of the carbon material inwardly of inner surface 60. 
40 Thus, general constancy of fores application, and general constancy of spead of rolls 92A, 92B, 92C. while not neces- 
sarily critical to basic operabiity of the air cathode assembly, assist in providing general overall uniformity of the appli- 
cation and bonding of active carbon catalyst layer 34 to the cathode current collector. 

[0136] Where the diameters of tha two pneumatic cylinders are the above recited 1 .06 inches, and the width of the 
work piece is about 1 .6 inches, the pneumatic pressure applied to each cylinder is between about 40 psi and about 100 

43 psi. preferably about 60 pel to about 100 psi. stiU more preferably about 85 psi to about 90 psi. The force thus applied 
to the carbon woriqpiece by the two pneumatic cylinders, in combination, through roll 92A. is accordingly about 70 
pounds to about 221 pounds applied over the 1 .6 inch width of the work piece. Accordingly, the force applied to the car- 
bon work piece by roll 92A is about 44 pounds to about 1 38 pounds per inch width of the work piece. 
[01 37] Considering the force levels suggested above, acceptable speeds for rotation of rolls 92A, 928. 92C. are about 

so 10 to about 180 revolutions per minute (rpm). Preferred speeds are between about 25 rpm and about 75 rpm, more 
preferably about 40 rpm to about 60 rpm. Within the stated speed range, the taster the roll speed, generally the more 
uniform the effect of the appication of the force is believed to be. The slaver the roll speed, and the greater the force, 
the greater is the extent of the deformation of the carbon catalyst composition caused by passage under a given roll at 
a respective np. 

55 [01 38] FIGURE 1 5 shows in graph format the general affect of pneumatic cylinder pressure, using the above-noted 
cylinders, on the voltage of the resulting air cathode made from the work product of the assembly step illustrated in FIG- 
URE 14 as tested in a cathode half cell testing device on a discharge current of 80 mA/cmf As seen in FIGURE 15. 
and assuming appropriate speed of rotation of rolls 92A. 928. 92C. air pressure appears to have no substantial affect 
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or little affect on voltage of the completed air cathode assembly when the air pressure on the cylinders .$ between 
about 40 psi and about 100 psi. When the air pressure is reduced from 40 psi to 20 psi. there is a distinct orop m volt- 
age, from about 1.16 vote to about 1.14 volts. Accordingly, where the pressure is reduced to 20 psi at the pneumatic 
cylinders, the voltage of air cathodes made from such combinations is reduced by about 2% - 4%. Thus. 20 psi to 40 
psi is less preferred. Preferred pressure is about 60 psi to about 80 psi. 

[0139] While assembly of the carbon sheet work piece to the air cathode at less than 20 psi can b done, and while 
the resulting air cathode has some functionality, the performance drops off still further as the pneumatic pressures drop 
below 20 psi. Accordingly, less than 20 psi pressure is not preferred. 

[0140] FIGURE 14A illustrates alternate apparatus, and alternate methods, for assembling a sheet of active carbon 
catalyst to the cathode current collector. As seen in FIGURE 14A, mandrel roll 93 is urged, by downwardly Erected 
forces illustrated as arrows 190. against a single, fixedly-mounted working roll 192. The diameter of working roil 192 is 
substantially larger than that illustrated for rolls 92A. 92B. 92C of FIGURE 14. Mandrel 93 is. of course, the same sue 
as m FIGURE 14 in order to fit inside current collector 32. 

[0141] Whereas rolls 92A. 92B. 92C are. for example, about 0.5 inch to about 0.8 inch in diameter, and mandrel 93 
is of similar size, e.g. about 0.5 inch, wortdng roll 192 is preferably about 4 inches to about 8 inches diameter, w.th a 
preferred size of about 6 inches diameter. The larger e.g. 6 inch diameter of roll 192 reduces the angle of attack 
between the surfaces of mandrel roll 93, current collector 32 and working roll 192. The reduced angle facilitates feeding 
of the carbon workpiece into the nip. Further, the reduced contact angle maintains pressure at a given locus on me car- 
bon sheet for a substantially greater distance of circular travel than do any one of the nips in the embodiment of FIG- 
URE 14. 

(0142] Mandrel 93 and working rod 192 are both cooperatively driven at cooperative surface speeds in the directions 
shown by arrows 194. 196. by suitable drive apparatus (not shown). 

[0143] A further advantage of the larger working roll 1 92 is that carbon sheet 80 illustrated in FIGURE 12. fabricated 
as at FIGURE 1 1 . need not be cross-laminated as at FIGURE 12A. Rather, the carbon web as fabricated at 74 in FIG- 
URE 1 1 can be trimmed for size to make sheet 80. and fed into the nip between mandrel 93 and rol 192 without further 
preliminary processing of the carbon sheet Namely, whereas preliminary working of sheet 80. to strengthen the sheet, 
is generally indicated when apparatus and process of FIGURE 14 is used, no such preliminary working s required 
when using the apparatus and process of FIGURE 14A. 

[0144] In view of the comparative teachings with respect to FIGURES 1 4 and 1 4A. one can use as a support structure, 
as at roll 192. any structure having greater arc radius than the arc radius of mandrel 93 by a ratio of at least about 4/1 , 
preferably at least about 8/1. more preferably at least about 12/1. optionally up to and greater than 16/1. including aJI 
ratios between 4/1 and the inverse arc represented by mandrel 93. One can use. tor example, any of a variety of rolls 
192. One can also use an endless belt (not shown) presenting, under pressure, any desired curvature to cathode cur- 
rent collector 32, or to the carbon catalyst, at the respective nip. inducing a flat presentation e.g. an infinite radius (not 
shown), or an inverse concave curvature up to a curvature that more-cMeaa. or generally, foBows the curvature of the 
cathode current collector as effected by mandrel 93. Thus, an arc raolus ratio of at least about 4/1 includes flat presen- 
tations, and structures (e.g. inverted arcs) that tend to tollow the outline of mandrel 93 and/or current collector 32. 
[014S] For use of the embodiment of FIGURE 14A to apply the carbon to the cathode current collector, the disclosed 
cylinders are preferably powered to about 40 psi to about 60 psi, more preferably about SO psi. 



AIR DIFFUSION MEMBER 



[0146] Air dffusion member 36 preferably performs a variety of functions in the cell, and provides a variety of proper- 
ties to the cell. First, diffusion member 36 provides a moisture barrier, tending to prevent, discourage, retard, or other- 
wise attenuate, passage of moisture vapor into or out of the cell. 

[0147] Second, dtffusion member 38 provides a Squid barrier, to prevent retard, attenuate, or otherwise discourage 
leakage of Squidoua electrolyte out of the ceN. 

[0148] Third, in preferred embodiments, diffusion member 36 provides a foided-over seal layer at the top of the cell. 
Such seal layer, in cornbin a Son with the separator, physically and electrically isolates the cathode current collector and 
the active carbOT caldyst from grorm 18 and anode mix 20. 

[0149] Fourth, diffusion member 36 can be used to control the rate of diffusion of air into and out of the cell to and 
from the reaction sites on the active carbon catalyst As such, the diffusion member sets the upper limit of the rate at 
which oxygen can reach the cathode reaction sites. To the extent the diffusion rate through the diffusion member is 
lower than the rate at which oxygen can be used at the reaction surface, namely the oxygen reaction rate, the diffusion 
member defines the upper limit of the cathode reaction rate at the reaction surfaca By so controling the cathode reac- 
tion rate, and assuming the anode reaction rate is not controlling, diffusion member 36 provides a control to the limiting 
current namely that maximum current flow which can be produced by the cell when an external circuit which is powered 
by the cell operates under high demand condition* 
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{01 50] Fifth, diffusion member 36 distributes air laterally along its own length and vwdtn, espeoailv the , ncom «« , 
entering the ell. Such lateral distribution affects me degree to which oxygen « provided j££ Z«Z C ?™± * 
the area of the reacton surface of the cathode assembly, rather than having oxygen much more concemra t JTt thL- 
portions of the reaction surface which are directly cpposne air ports 38 and correspondingly nva^c^n^?. 
those portions of the reaction surface which are between protections of the air ports onto the reaction surface 
[0151 ] In view of the above multiple functions of diffusion member 36. the material from which the diffusion member 
« fabricated must have certain properties. Such material must be sufficiently porous as to provide an adequate conduit 
J?M oxygen therethrough, both through me thickness of the material and internally along the lateral lengZand 
width of the material. Suitable such materials are certain ones of the microporous polymeric films 
[ ° 152 LI hS ma,9na ' Sh0uW b9 9 en « raJ| y a ""w to transmission of water, whether in liquid or vapor form Soeafeallv 
h 8 "? If '°lT* ef SWVM 98 8 bUTm t0 ' 0SS of 919 *' uaou8 P° tassium ****** or similar e.ecJo.yte from 

electrof^e .s an aqueous composition, the material from which the air diffusion member .s fabricated must be general 
hydrophobe. Certain ones of the rnicroporous polymeric films are hydrophobic ^ 
[01S3I The material must be tolerant of. and generally inert to. the electrolyte, for eamplethe alkaline electrolyte env,- 
ronment of aqueous potassium hydroxid*based electrolyte which is typical of metal-air electrochemical cells 
[01541 The material must embody suitable internal structure, and suitable surface properties, to provide sealing proo- 
ertjes. tor example, to provide, in combination with the separator, a pressure seal gasket-type affect at the top of the air 
cathode, thereby to provide a seal layer between the grommet and the cathode current collector At the bottom of the 
cell, the material provides a seal between the bottom member of the cell and the combination of the cathode current 
collector and the active carbon catalyst 

[0155] The material from which air diffusion member 36 is fabricated is preferably subject to man«xdatjon such as 
during fabrication in order to limrt. namely to reduce to a desired amount, the rate at which oxygen and water vapor pen- 
etrate through the diffusion member and reach the reaction surface of active carbon catalya 34 Such capacity for 
manipulating the air diffusion rata enables the cell manufacturer to control the target air diffusion specifications of the 
cells being manufactured by making changes in the assembly process without necessarily changing the raw material 
from which the ar diffusion member is fabricated. To the extent the diffusion rats of water vapor can be so manipu- 
lated/reduced and controlled without limiting oxygen diffusion so much that the cathode reaction rate is reduced, pas- 
sage of water vapor into or out of the cell can be correspondingly reduced without affecting the limiting current of the 

COfl. 

[0156] A preferred air diffusion member 36 for a "AA- size cell has a thickness of about .0035 inch. A suitable range 
of thicknesses is about 0.002 inch to about 0.006 inch, with a preferred range of about .0025 inch to about 005 inch 
and a most preferred range of about 0.003 inch to about 0.004 inch. Such air diffusion member 36 can be fabricated 
from agenerally continuous web of microporous polytetrafluoroethylene (PTFE). The microporous PTFE used for diffu- 
sion member 36 has the same general chemical composition (PTFE) as the above-noted preferred material used as the 
binder in the active carbon catalyst 34. The appication is. of course, differ vrt in that the PTFE used in the catalyst is 
obtained in powder form, whereas the PTFE used in the diffusion member is obtained in the form of a continuous micro- 
porous web 

[01 57J A preferred web tor fabricating diffusion member 36 has a width equivalent to the length XI " or cathode current 
collector 32. plus about 0.125 inch, and a thickness, prior to assembly into the air cathode as air diffusion member 36 
of about 0.002 inch. A suitable range of thicknesses for the web is about 0.001 in<* to about 0.005 inch, with a preferred 
range of about 0.001 5 inch to about 0.0025 inch. Such web of microporous PTFE is available from Pvtormance Plas- 
tics Products Inc.. Houston, Texas, as PTFE UHrathin Membrane. The thickness of a web of the <*ove d seabed PTFE 
material typically varies along the length of the web by up to plus or minus 10%, as received from the supplier. 
[01 58] In air cathode 26. air diffusion member 36 is preferably consolidated from multiple thicknesses of the above 
described PTFE web. Referring to FIGURES 7 and 16. three such thicknesses are illustrated by dashed lines 96. it 
should be noted, however, that the consolidated air diffusion member operates more like a single layer than tike the mul- 
tiple layers rajgpKted in FIGURES 7 and 16. 

[0159] The Irwerttton contemptatee that an acceptable cell 10. namely a eel that does not leak electrolyte, can be fab- 
ricated using as tor as 2 layers of material to fabricate diffusion member 36. Up to 5 or more layers may be used. How- 
ever, about 3 layers is preferred in order that thickness variations along the length of the web be accommodated among 
the layers thereby to reduce the overall thictaesa variations, and in order that the length of the interlace between layers 
along the length of the web from the leading edge to the trailing edge, be sufficiently long to avoid seepage of electro- 
lyte along the inter-layer interface between the layers of hydrophobic material and thence out of the cel. 
[0160] The multiple layer corftguration of diffusion member 36 is preferably fabricated as the web of material from 
which the diffusion member is made is joined to the subassembly represented in FIGURE 10 by the combination of the 
current collector and the carbon catalyst 

[0161] Referring now to FIGURES 10 and 14, after the active carbon catalyst work piece has been applied to the cath- 
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ode current collector to fabricate the subassembly represented in FIGURE 10. a strp of PTFE. of suitable wicth as 
described above. <s fed to the nip between roil 92A and the active carbon catalyst whicn is disposed on the cathode cur- 
rent collector. 

(0162] The PTFE strip has a length suff iciem to wrap about the outer surface of the active carbon catalyst the number 
5 of times required to develop the number of layers desired m diffusion member 36, pr eferably plus a modest excess 
which wraps past tha starling point on the arcumference where wrapping of the PTFE was commenced. 
(0163] Thus, the PTFE strp can be assembled to the cathode current collector at outer surlace 63 of the active carbon 
catalyst using the same 3-roll stack 90 of assembly rolls 92A, 928. 92C as is used to assemble the active carbon cata- 
lyst to the cathode current collector, or single roll 192 of FIGURE 14A. 
'<> [01 64] As with application of the carbon-based work piece 88 to the current collector pressure is <v>plied to the stack 
of rolls, bnngmg the rolls together, and against cathode current collector 32 and active carbon catalyst 34, while the 
PTFE layer is being assembled into the air cathode structure. As with assembly of the carbon-based work piece to the 
current collector, the pressure on the rolls causes the rolls to apply pressure to outer surface 63 of the active carbon 
catalyst. 

is {0165] With pressure thus being applied to the outer surlace of the catalyst in the midst of the 3-roll stack, the incom- 
ing PTFE strip is directed into the nip defined between the carbon catalyst and top roil 92A. As before, top roll 92A is 
driven in the direction indicated by arrow 94. Bottom rolls 92B. 92C accordingly rotate in unison at common speed with 
top roll 92A. and in directions providing a common annular drive direction to both the combination of the cathode current 
collector and the active carbon catalyst 

20 [0166] With the rolls and the current collector so turning in common, and with a leading edge of the PTFE strip dis- 
posed against the nip, the PTFE strip is drawn into the nip by rotation of the rolls and the current collector-catalyst com- 
bination. As the PTFE strip is drawn into the nip, the pressure between top roll 92A and the active carbon catalyst 
presses the PTFE strp against outer surface 63 of the active carton catalyst. Rotation of rolls 92A. 92B. 92C. and the 
current collector-catalyst combination continues, drawing the PTFE strp into the nip. and onto outer surface 63 of the 

25 active carbon catalyst 

[0167] Accordingly, and similar to the assembly of the catalyst to the current collector, continued rotation of rolls 92A, 
92B. 92C. and the current collector-catalyst combination progressively brings each portion of the length of the PTFE 
strip into sequential pressure relationships with all 3 of rolls 92A. 92B t 92C. Rotation of the rolls and of the current col- 
lector -catalyst combination continues until the full length of the PTFE strip has been drawn into the nip and worked by 
30 all three pressure rofls. 

[0168] As drawn into the entrance nip at roll 92A of stack 90. the PTFE strip is a gwerally soft pliable material. The 
force exerted by rolls 92A. 92B. 92C urges portions of the PTFE material into the catalyst composition whereby the 
structure of the PTFE which defines the microporous nature of the PTFE strip forms mechanical affixations with the 
active carbon catalyst, thus mechanically *bonding" the PTFE to active carbon catalyst 34. Applicants contemplate that. 

35 at the same time, the stack pressure Italy further deforms the carbon material into and through perforations 56. 

[0163] As the rotating current collector, catalyst and PTFE strip complete a full revolution in roll stack 90, the incoming 
PTFE begins to encounter, and to be fed over, the underlying first layer of the PTFE. The pressure being applied by roll 
stack 90 urges the overlying incoming PTFE material into intimate contact with the underlying PTFE material such that 
the microporous structure of the two layers of PTFE which defines the microporous nature of the PTFE strip forms 

40 mechanical affixations between the two PTFE layers, thus lightly mechanically "bonding" the overlying and underlying 
PTFE layers to each other. Third and subsequent layers of PTFE, if applied, mechanically bond to the respective under- 
lying layers in a similar manner. In preferred embod ments, the PTFE strip is wrapped about 3.25 times around the outer 
circumference of the current colector-catalyst combination. 

[0170] The result of wrapping the PTFE strip about the current collector-catalyst combination multiple times without 
45 an intervening leading or trailing end edge of the strip, is the application of multiple layers of the PTFE without deploying 
multiple seams at layer joinders. Rather, the multiple layer diffusion member so fabricated is effectively seamless in that 
there is no intermediate seam or series of seams defining the multiple layers, which seams could provide leakage 
paths for exodus of Iquid electrolyte from cell 1 0. By providing a ful number of wraps plus a modest overlap of the start- 
ing point on the drcunference of the assembly, a full complement of the desired thictaess is provided over the entire 
so circumference of tie assembly so created. 

[0171] The terminal end edge of the strip is subjected to the same pressures as the rest of the strip. Accordingly, the 
same bonding principles bond the end edge of the strip to the underlying layer of PTFE. whereby the end edge of the 
strip is suitably bonded into the overal assembly. FIGURE 17 shows a representative cross-section of the cathode 
assembly assemblage at the instantly above-described stage of assembly, whereby about 3.25 circumferential wraps 
55 of the PTFE have been applied to the assemblage of the carbon on the cathode current collector. 

[0172] In preferred embodiments, as the PTFE strip is fed into the nip formed between rol 92A and the active carbon 
catalyst, the strip is positioned 6uch that a first side edge of the strip is aligned laterally with a first side edge of the cur- 
rent collector-catalyst combination, and the second edge of the strip extends, as an edge portion, outwardly of the 
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opposing side edge of the current collector, which will be disposed toward the top of the celt, by preferably about o '25 
inch. Thus, when the PTFE strip has been fully asserted to the current collector-catalyst combination, tnereoy : 0 
apply the strip to the current collector-cataryst combination and to fabricate the diffusion member, one sde edge of the 
multiple layers of PTFE strip extends outwardly of the corresponding top edge of the current collector. 

5 [0173J As che PTFE strip is applied to and through the nip between roll 92A and carbon catafyst 34. pressure is 
applied by stack 90 directly to th PTFE strip, indirectly to workpece 88. and indirectly to current collector 32. .n me 
same manner as is used in assembling the active carbon catalyst to the current collector. Speed of rotation of the rolls 
is generally the same as described above for applying the active carbon catalyst material to the current collector. Pres- 
sure applied to the PTFE web by stack 90 is in the range of about-30 psi to about 100 psi. preferably about 35 psi to 

'0 about 70 est. still more preferably about 35 psi to about 50 psi. 

[0174J : _sing the above described PTFE strip, and the above described pressure and speed on rolls 92 A, 92B. 92C. 
the PTFE strip is compressed as it enters and traverses the stack, whereby the effective thickness of the sheet material 
is reduced as the strip is assembled with the current collector and the catalyst Increased compressing of the PTFE m 
general reduces permeability of the PTFE to air flow therethrough. Permeability is also reduced as the number of layers 

f§ of PTFE is increased. 

[01751 Starting with a PTFE strip thickness of 0.002 inch, the overall thickness of a three layer diffusion member 36. 
so fabricated, is preferably about 0.0035 inch. This and other thictaesses of PTFE strip can accordingly be used, m this 
and other numbers of layers of PTFE strp material, for example. 4 layers. 5 layers. 6 layers. 7 layers, or more, to fabn- 
cate any desired thickness and/or any desired diffusion rate for diffusion member 36. 
20 [0176] After the PTFE strip is thus assembled to the current collector-catalyst combination, the pressure is released 
from roll stack 90. and the current collector, carbon catalyst diffusion member assemblage is removed from the stack. 
[0177] A separator 16 is then juxtaposed adjacent the inner surface of the cathode assemblage. Separator 16 can be 
juxtaposed adjacent the inner surface either before or after the cathode assemblage is assembled to a bottom closure 
member such as to bottom closure member 202 or to cathode can 28, 

29 [0178] The upstanding free edge region of the PTFE diffusion member is then rotted or folded inwardly about the cir- 
cumference of the cell, down over the top of the separator, and downwardry onto the top portion of the inner surface of 
the separator. The downwardly-depending portion of the PTFE on the inner surface of the separator provides a seal 
shield, in slot 174 (FIGURE 3B), against movement of electrolyte or electricity from anode mix 20 through slot 174 and 
to the cathode current collector or the cathode can. 

30 [0179] The rotting of the PTFE upstanding free edge region can. in theory, be done any time aftv the air cathode 
assembly is formed. The preferred sequencing is to roll the PTFE free edge shortty after removing the assembled air 
cathode from the stack of rolls 90. 

[0180] Top and bottom rings 76. 78. respectively, of a solution of a seal composition of e.g. bitumen and toluene are 
applied to the PTFE diffusion member, such as by painting on of the composition, in areas of the diffusion member 

3S which are to be compressed by bottom seal groove 122 (FIGURES 21*23) or 130 (FIGURES 3A. 24); and top seal 
groove 176 (FIGURE 3B) or 180 (FIGURE 30). Rings 76, 78 are generally positioned where crimping seal force will be 
applied to them such as at seal grooves 102. 130. 1 76. Typical positions of rings 76. 78 are illustrated in FIGURES 3A. 
3B. 1 3, and 1 6. The bitumen rings dry to a tacky, non-smearing consistency in a few minutes at ambient temperature, 
and serve as seal rings between the diffusion member and inner surface of cathode can side wal 39 at the top and bet- 

40 torn seal grooves, or at inner surfaces of other corre sp ond i ng top and bottom dosure members of the cell. 

[0181] Longitudinal and transverse cross-sections of the completed air cathode assembly are illustrated generally in 
FIGURES 16 and 17 thoutfi without illustrating the carbon catalyst (as at FIGURES 3A. 3B) in perforations 56. 
[01 82] In some embodiments, once the leading edge of the PTFE stnp has been secured in the nip at rott 92 A. a mod- 
est level of tension can be appied on the strip, thereby to enable the above described reduction in the thickness of drf- 

a fusion member 36, by stretching when desired. 

[0183] The mating of cylindrical air cathode assemblies has been described above, and such cylindrical air cathode 
assembly is UusMed in FIGURE 13. In the finished air cathode assembly, the combination of inner surface 60 of cur- 
rent collector 32 and the adjacent innermost surface of catalyst 34 represents the inner surface of the air cathode 
assembly. 

so [0184] As witi work piece 88 of active carbon catalyst 34, diffusion member 36 can be joined into the cathode assem- 
bly by using the alternate apparatus and methods illustrated in FIGURE 14 A. The same or similar pressures apply as 
are used with sta* 90 to join the PTFE web to the active carbon catalyst The number of layers of PTFE applied is typ- 
ically not affected by the choice of using apparatus of FIGURE 14A. 

[01 88] irrespective of the apparatus used to join the PTFE strip into the cathode assembly, that of FIGURE 1 4. that 
sf of FIGURE 1 4A, or other apparatus (not shown), a further option for the PTFE web is that the PTFE web not extend the 
recited e.g. .125 inch past the edge of the current collector. Rather, in some embodiments, the respective edge of the 
PTFE strip corresponds with, and overlies, the respective edge of the current collector. 
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CATHODE CAN 

[0186] Cathode can 28 generally comprehends an exo-skeletal structure of ceU 1 0. whch provides much of the phys- 
ical structural sffength of the ceil. The cathode can is positioned outwardly of the anode, including outwardly of anode 
5 mix 20. outwardly of anode current collector 22. and also outwardly of cathode ass ambry 26. The cathode can is sir*- 
lariy disposed outwardry of grommet 1 8 about the circumference of the cell. Thus, cathode can 28 functions to encase 
and to generally endose. various elements inside cell 10. 

[0187J The cathode can provides physical structural support to. and protects, air cathode 26, as well as other ele- 
ments mside cell 10. For example, the cathode can provides physical structural protection to ycrrmet 1 8 aDout the or- 
w cumference of the cell. Cathode can 28 and. to some degree, air cathode assembly 26 and separator 16. provrfe 
physical support to. and structural protection for. anode mix 20. 

[0188] Cathode can 28. in combination with other elements, secures other elements in place in me cell, thus to fix the 
juxtaposition of various ones of the elements of the cell in their appropriate positions for proper functioning of the cell. 
[0189] By means of air ports 38. cathode can 28 admits cathodic oxygen into the cefl adjacent air cathode asserftty 
is 26. thereby to provide the cathodic electroactrve oxygen which ultimately reacts at the cathode to provide the hydroxyl 
ions consumed in the anode. 

[01 90] Cathode can 28 is fabricated from a single piece of sheet metal. Preferred metal sheet is a three-layer structure 
having a core layer of cold rotted steel (CRS). and outwardly disposed layers of nickel on opposing sides of the CRS 
core layer. 

20 [0191] The general cylindrical shape of cathode can 28 is fabricated using drawing, or drawing and ironing steps, per- 
formed on metals tempered and otherwise fabricated in known manner, to have suitable drawing, or drawing and ironing 
properties. Such materials can be obtained from Thomas Steel Strip Corporation. Warren, Ohio USA 
[0192] Strength and ductifity are important physical characteristics of the cathode can. Drawn, or drawn and ironed, 
cathode cans may be formed of virtually any metal that is plated, dad, or otherwise coated, with appropriate metal, such 

25 appropriate metal having a hydrogen overvottage similar to that of the cathode, and being insoluble, preferably gener- 
ally inert, in the presence of the electrolyte, e.g. alkaline electrolyte, a when oth*wise exposed to a high pH environ- 
ment. 

[0193] The cathode can may be formed entirely of a metal or afloy having a hydrogen overvottage similar to that of 
the cathode (as opposed to plating or dadding the can) so long as sufficient strength and ductility are available from the 

30 material selected. Materials in addition to nickel, having such hydrogen overvottage properties, indude. for axarrple and 
without limitation, stainless steel, palladium, silver, platinum, and gold. Sudi materials can be coated as one or rrore 
coating layers onto the core layer by, for example, plating, dadding, or other application process. The ones of such 
materials providing suffkaent strength and ductility can also be used aa single layer materials in place of the corrposrte 
structure which comprehends CRS or other suitable material as a core layer. 

35 [01 94] Steel strip plated with nickel and nickel aOoy is generally used because of cost considerations, and because 
pre-pialed. or clad, steel strip, which generally require no port-plating processes, are commercially available. The metal 
in the can must be both ductile enough to withstand the drawing process, and strong and rigid enough, to tolerate art 
otherwise withstand the cell crimping and closure process as well as to provide primary overall structural strength to the 
cell during shipment of the cell to market, and during the contemplated use life of the cel. 

40 [0195] Cathode cans, for example, can be made of cold-rolled steel plated with nickel. Cathode cans may also be 
formed from cold-roiled mild steel, with preferably at least the inside portions of the cans being subsequently post plated 
with nickel. Other examples of materials for cathode cans indude nickel-dad start ess steel; nickel-plated stainless 
steel; INCONEL (a non-magnetic alloy of nickel); pure nickel with minor alloying elements (e.g. NICKEL 200 and related 
family of NICKEL 200 alloys such aa NICKEL 201 . etc.). all available from Huntington Alloys, a division of INCO. Hunt- 

45 ington. West Virginia USA. Some noble metals may also find use as plating, dadding, or other coating for can metals, 
induding coveting steel strip plated with nickel, and mild steel strp subsequently plated with nickel after fabricating the 
can. 

[0196] Where ntifple layers are used, e.g. CRS coated on opposing sides with nickel, the invention contemplates 
additional e.g. fowfk fifth, etc. layer*, either between the nickel and CRS. or with a nickel layer between the CRS and 
so the additional tayer(s). For example, gold, platinum, palladium, or other excellent electrical conductor can be deposited 
on some or ai of tie outer surface of the cathode can (outside the nickel layer) after the can is drawn, or drawn and 
ironed. As an alternative, such fourth etc layer can be. for axarrpie. a bond-enhancing layer between the CRS and the 
nickel. 

[0197] Where the can is fabricated using a typical raw material structure of 

55 /NI/CRS/NU 

as the sheet structure, such sheet structure is preferably about .010 inch thick, with a thickness range of about .006 inch 
to about .020 inch, and a preferred rang of about .008 inch t about. 01 4 inch. In such embodiments, each of the nickel 
layers represents about 2% to about 10%. preferably about 3% to about 7%, more preferably about 4% to about 6%. 
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most preferably about S%. of to overall thickness of the metal sheet in such 3-layer structure. 
roi9S1 Cathode can 28 includes bottom wall 37. and side wall 39 extending upwardly from bottom wail 37 Given me 
above noted drawing, or drawing and ironing process used in making can 28. the thickness of bottom wall 37 is typ,caily. 
!~\L n-c-Mariiv about 80% of the thickness of the raw sheet matenal from which the can was faoncated. Thus, 
whereto raw sheet material from which the can was fabricated was .010 inch thick, the th.ckness of th bottom wall of 
a can made from such sheet material is typically about .008 inch. „>„•,. 
,0^991 Similarly, the thickness of side wall 39 is about 50% of the thickness of the raw sheet ™ te "f "™ " h « h 
can was fabricated. Thus, where the raw sheet material from which the can was fabncated was .010 .nch th.ck. the 
thickness of the side wall of a can made from such sheet material is typically about .005 .nch. 

CATHOOE CAN SIDE WALL 

[02001 After the basic shape and structure of the can are formed by drawing, or drawing and ironing, or other tabnca- 
process, the finishing steps are performed on the sd. waU and th. tx«om wal Accordingly. «r ports 38 are formed 
in sae^M For the illustrated size "AA" cell, about 400 air ports 38 are preferably formed by e.g. laser B .erc.ng stie 
wall 39 at evenly spaced locations, in a pattern generally evenly distributing th. air ports over that portion of ska. wall 
J2J * "Serf c*posit. the reaction surface of the catrode assembly in the finished eel 10. Where <00 a.r Pom 
Le eaSS portteag. .015 ^ch nominal diameter, with a preferred rang, of about .010 inch to about .025 .nch. 

of a,r port, can be us- depending on the use which . M« « M alto 
ceTA larger nunter of datively smaller air ports * preferred where greater limmng current ,s desired ™ S a 
Z va£ movement into or out of th. c.B is to b. suppressed. Where me number of a* ^^^.^ 
averaoTsize of the air ports is preferably reduced in order to avoid excessrve evaporation of electrolyte out of the celL 
erf moisture vapor into the ceil. In general, as the sizes of the air ports are reduced, the overall open area of 
J, a7p?* can bJ reduced without reducing to Bmiting cur.* of th. «MM 
reolci^ the overall rat. of evaporation of electrolyte vapor from the cel. or ingress ofrrosture vapory to cel.. 
ro2M1 Where the number of air ports is less than 400. to average siz. of to a» ports « .ncreased. in order to com- 
S. fcTthe s^r^r of EpU. end thus to pro*, sufloem oxygen at to re^on s«« - " <^ 
^»^r« #\a rfasirad level of electrical power production. In general, as to sizes of the air ports are increased and the 

n^fa^So^^^ 

i £££ current of to eel However, to overall rat. of eviration of electro*. W<™*" 
r^waHv increases as the overall open area of all air ports increases. Thus, to decision regarding the number o 
*• STof * a air^.Sl«nc M to anticipated lectrolyt. evaporation rat. against such factors as cel. 

'f'oS °SI las* piercing technology, air ports can generally be any siz. desired, from a tow of about .001 inch up 
ESLt ^^J^T^Smmi of to range is generally established by 0) the higher cost of making a targer 
ZSiSSEZ mrtftto practical lirrrtof laser technology to effectively make perforations ,n metal sheet 

7X port diaW/rmtsrla. thickness ratio perforations can bemad. ?S53to2 
* noo«aU V diaaurao. makjng such perforations at to lower end of to range. Accordingly, preferred lower 

' » p°» » «•» - ~ "«*» * ot m 
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preferred air ports are no larger man about .040 inch, while air ports as low as .030 are preferred for some embodi- 
ments. The most preferred air ports, tor "AA* size cells, have cross-sections equivalent to openings about 010 inch to 
about .025 inch diameter. 

[0208] ft will be appreciated that the smaller the air port, the greater the variations in the dimensional uniformity ol the 
s cress-sections of the open areas defined by such air ports. While discussion here generally addresses circular open- 
ings, the cross-sections of the ooenings is greatly influenced by the methods, and fabrication controls, used in fabricat- 
ing such air ports. Accordingly, a wide variety of cross- sections are contemplated tor air ports 38. especially the smaller 
air ports wherein the feasibility of controlling the cross-section, when a port is fabricated, tends to be less oreose as 
port size decreases. Some of such cross-sections will be fabricated intentionally. Others of such cross- sections are 
io cross-sections necessarily following from the processes used to make such air ports. 

[0209] Referring to FIGURES 13 and 30. stop groove 102 is formed in side wall 39 of the cathode can by urging a 
forming tool against the side wall at a suitable location and rotating the can, thus to bring the entire circumference of 
the cathode can into forming contact with the forming tool. A suitably-shaped mandrel (not shown) is preleratty used to 
support the inside surface of the side wall across from the forming tool, thus to assist the forming tool in fabricating the 
15 stop groove. 

[0210] Referring to FIGURE 18, stop yoove 102 provides a ledge 104 which receives and abuts against a corre- 
sponding step 106 (FIGURE 3B) in the diameter of grommet 18. 

CATHODE CAN BOTTOM WALL 

20 

[021 1] The above-noted drawing, or drawing and ironing, or other can fabrication process, produces a cathode can 
pre-form, illustrated in FIGURE 19. having the basic shape and structure representative of the finished cathode can. 
Side wall 39 has been formed to its fufl height Bottom wall 37 is flat between bottom portions of the side wal 
[0212] The bottom and side walls of the pre-form are then further worked to provide the desired finished structure of 
25 bottom wall 37. The air ports described •artier are preferably fabricated in side wall 39 before such further working. 
However, to the extent fabrication of the air ports is compatible with air port fabrication after certain working of the bot- 
tom and side walls, such sequencing is acceptable. 

[0213] As illustrated in FIGURES 20*28, in a variety of embodiments of cells of the invention, certain working or sup- 
port of bottom wall 37 cooperates with corresponding working or support of the lower portion of side wall 39, cy certain 
20 worting or support of the lower portion of side wall 39 cooperates with corresponding working or support of bottom wall 
37, in producing the finished structure at the bottom of the cathode can. 

[0214] FIGURE 20 represents further working of the bottom waH of FIGURE 19 by a forming process illustrated in 
FIGURE 20A. FIGURE 20 illustrates a central elevated platform 108, and downwardly depending inner w^l 1 10 extend- 
ing from platform 108 to the lowest extremity 1 12 of the bottom wall. Inner wall 110 and the lower portion 1 14 of side 

35 wall 39. in combination, define a recessed annular slot 1 16 at the base of the can preform. 

[0215] Referring to FIGURE 20A. the can pre-form of FIGURE 1 9 is placed on a hollow cylindrical lower tool 1 13. Tool 
1 13 is rigidly mounted to an underlying support (not shown). Bottom wall 37 of the pre-form is disposed upwardly. The 
open end of the pre-form is disposed in a downward direction. An upper tool 115 advances downwardly against bottom 
wall 37 as shown by arrow 1 1 7 As upper tool 1 1 5 advances down, tool 1 1 5 pushes bottom waH 37 into the open central 

40 portion of lower tool 113. Corres p ondingly, side wall 39 is drawn upwardly toward the bottom wall as suggested by 
arrows 119. Tool 1 15 is advanced a predetermined distance, then stopped. Tod 115 generally doas not abut tool 113, 
not even through bottom wall 37, but rather operates inside the wails of tool 113. 

[0216] The overall result of the advance of tool 1 15. against the fixed support of can 28 by tool 1 13. is inward defor- 
mation of bottom wail 37 to form platform 108 and slot 116. Platform 108 and slot 1 16, and downward-most movement 
«5 of tooM 1 5. are illustrated in dashed outline in FIGURE 20 A. 

[021 7] After ftxTn abon of slot 11 8. air cathode assembly 26 is inserted into the slot as illustrated in dashed outline in 
FIGURE 20. When the air cathode assembly is disposed in slot 116, inner surface 60 of current collector 32, at imper- 
forate bottom edge portion 44. is disposed against the nickel layer on the corresponding interior surface 1 1 8 of wall 1 1 0. 
See also FIGURES* 

so [021 8] The facing surfaces 60 and 1 1 8 form the contact surfaces whereby electrical energy transported to and from 
the air cathode assembly is transferred to and from cathode can 28. In order to implement such energy transfer, the 
contact surfaces 60. 1 1 8 are brought into intimate electrical contact with each other in such manner as to maintain such 
intimate contact throughout the life ol the cell. Such intimate contact is generally developed by urging surfaces 60. 1 1 8 
toward each other, either directly a indirectly. 

55 [0219] Referring to FIGURE 21. a forming tool (not shown) is inserted into the opening 120 abova extremity 1 12 and 
below platform 1 oa The forming tod is turned about the circumference of inner wall 1 1 0. at the top of the inner wall and 
preferably against a supporting tool on the outer surface of lower portion 1 H of side wall 39, thus to urge interior surface 
1 18 of inner walll 10 against surface 60 of the current collector. As interior surface 1 18 is urged against surface 60. a 
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bottom seal groove 122 is formed in inner wall 1 10. The recited forming of bottom seal groove 122 urges surface lis 
of wall 110 into forced contact with inner surface 60 of current collector 32 thus to make me desired .ntimate onvsieai 
and electrical contact 7 * 

[02201 m the alternative instead of the forming tool being turned about the circumference of the can, groove 1 22 can 
be made by holding the terming tool stationary and turning the circumference of inner wad i io about the forming tod 
[0221 J in add bon to established electrical contact with the current collector, (he forcing of inner wall 1 10 against the 
air cathode, thus cnmp.ng inner wall 1 10 against the air cathode assembly, also traps or otherwise fixes the air cathode 
assembly in its specified especially longitudinal assemoied position in the cell as wen as generally defining *s position 
with respect to the remaining elements of the cell, in addition, the crimping of inner wall 110 against the air cathooe 
assembly also urges the air cathode assembly against the lower portion i u of *de wall 39. thus closing off any free 
path of travel for escape of electrolyte from the cell through slot 11 6. it may be noted by comparing FIGURES 20 and 
21 that inner wall 1 10 of FIGURE 21 has a lower height than the corresponding wail 110 of FIGURE 20 The height of 
such wall 1 10 is thus adjusted depending on the ultimate configuration anticipated for the bottom structure of the cath- 
ode can. 

[0222] FIGURE 22 illustrates a bottom structure much like the structure of FIGURE 21 . but with a h.gher he.ght for 
inner wall 1 10 between the lowest extremity 1 12 and platform 108. and wherein bottom seal groove 122 is intermediate 
the upper and lower ends of wall 1 10. The advantage of the embodiment of FIGURE 22 is that a wider variety of forming 
tods can be used to fabricate bottom seal groove 122. The respective advantage of the embodiment of FIGURE 21 is 
that the height of inner wall 1 10. and thus of opening 120. is smaller than in FIGURE 22. whereby the length of anode 
so cavity 137. and the respective contained volume inside the completed cell 10. are correspondingly increased. The 
increased contained volume can be filled with additional anode mix 20 thus providing a potentially longer cycle life m 
the cell of FIGURE 21 compared to the cell of FIGURE 22. 

[0223] FIGURE 23 shows another embodiment derived from the embodiment of FIGURE 22. In FIGURE 23. and after 
fabrication of bottom seal groove 122. platform 108 of FIGURE 22 has been urged downwardly such that bottom sur- 

25 face 1 24 of platform 1 08 is at the same height as bottom surface 1 26 of extremity 1 1 2. The result is a contained volume, 
inside the completed cell, wen greater than the contained volume of the embodiment of FIGURE 21 . 
[0224] Referring back to FIGURE 19. FIGURE 24 represents an embodiment wherein no further fabrication is done 
to the bottom of the can prior to inserting the air cathode assembly into the can. Rather, the air cathode assembfy is 
inserted into the can shown in FIGURE 19. Next a conductive inner plug 128. for example in the shape of a disc, is 

30 inserted into the can. inwardly of. and juxtaposed closely adjacent, the inside surface of the current collector. Such con- 
ductive inner plug 128 can be. for example, nickel plated cold rolled steel, or any of the other materials recited for use 
in fabricating the cathode can. Plug 128 can also be formed from a non-conductive substrate such as a surtatfy hard 
plastic suitably coated with a conductive material such as nickel. 

[0225] A wide variety of shapes can be used tor plug 128 so long as the respective plug provides suitable electrical 
35 contact, and suitable physical support to fixedly hold and secure the cathode assembly against the cathode can or other 
bottom closure member at the bottom of the cel. 

(0226] A forming tool (not shown) is urged against the outer surface of lower portion 1 1 4 of side wall 39. The faming 
tod is turned about the circumference of side waH 39 against plug 128. thereby terming bottom seal yoove 130 and 
establishing electrical contact between the current collector and plug 128. Accordingly, plug 128 must be suitably rigid 

40 a ^ g? wwis + '«i*t*nt to deformation about its circumferential edge to accommodate formation of groove 1 30. 

[0227] In the embodiment shown in FIGURE 24. the entire area of the bottom surface of plug 128 is in surface-to- 
surface contact with the top surface of bottom wall 37. thereby establishing effective electrical contact between plug 128 
and bottom wall 37. Thus, plug 1 28 provides a path for flow of electricity between current collector 32 and can 28. Bot- 
tom waH 98 of the cathode can can have a wide variety of configurations so long as plug 128 is property supported for 

45 formation of seal groove 1 20. 

[0228] As in the previous embodiments, such turning at lower portion 1 14 can comprise either making the can sta- 
tionary and mowing the tool, or making the tool stationary and rotating the can. Rotating the can against a stationary 
tool is preferred. In any event bottom seal groove 130 performs generally the same functions as bead 122. 
[0229] Thu* in addition to establishing electrical contact between current collector 32 and plug 1 28. the forcing of side 

so wall 39 again* tie ptag, thus crimping side wall 39 against the plug, also traps or otherwise f bees the air cathode assem- 
bly in its specified position with respect to the remaining elements of the cell. In addition, the crimping of side wall 39 
against the air cathode assembly, and thus against plug 128, closes off any free path of travel for escape of electrolyte 
from the cell past plug 128 and around the lower end of the current collector. 

[0230] FIGURE 25 represents a further embodiment of fabricating the bottom of the can prior to inserting the air cath- 
55 ode assembly into the can. In the embodiment of FIGURE 25. an outwardly domed terming tool is urged against the 
outer surface of the bottom of the can, terming the illustrated upwardly-shaped dome in bottom wall 37. The resulting 
opening 120 is defined by an upwardly, typically spherically, curved surface wherein the curvature of inner wall 110 
merges into central platform 108, thereby to term slot 1 16 between inner wall 110 and tower portion 1 14 of side wall 39. 



25 



EP 0 940 870 A2 

[0231 ] Air cathode assembly 26 « then inserted into the can. with the inner surface of bottom edge portion u of the 
current collector juxtaposed against .nner wall 1 10. A downwardly domed forming tool, generally reflecting substantially 
the full transverse cross-section of the interior of the can. is then preferably but not necessarily urged against the inner 
surface of platform 108. forming the platform downwardly as shown in FIGURE 26. and correspondingly urging the 
5 outer portions of -he outer surface of platform 108 toward inner wall 1 10. thus to form an acute angle a with inner wall 
1 10. The urging of the outer portion of platform 108 toward inner wall 1 10 urges inner wall 1 10 against the cathode cur- 
rent collector, thus to form the above rooted intimate electrical and physical contact between inner wall 110 and air 
cathode assembly 26. 

[0232] FIGURE 27 represents a subsequent step being performed on the embodiment of FIGURE 26. Referring to 
io FIGURE 26. a forming tool (not shown) is urged against the lower portion 1 14 of side wall 39. forming a wide bottom 
seal groove i vz W Wide bottom seal groove 130W further solidifies and makes certain the electrical and physical con. 
tact effected oy the downwardly directed forming step used to arrive at the bottom wall structure shown m FIGURE 26 
Wide bottom seal groove 130 also further enhances the bottom seal between the cathode can and the air cathode 
assembly. 

is [0233J FIGURE 28 represents still another embodiment of bottom way structure which is derived from the embodi- 
ment of FIGURE 20. After the cathode can is formed as in FIGURE 20. a terming tool 132. mounted on e.g. shaft 134 
is urged against Ihe lower portion 114 of side wail 39. Forming tool 132 operates against the support of back-up tool 
136 which is located inside, and substantially fills, the cross-section of opening 120. The result of the combined opera- 
tion of tools 132. 136 is to term wide bottom seal groove 130W. The fabrication of wide bottom seal groove 130W by 

20 urging lower portion 1 1 4 of side wail 39 against inner wail 1 10. with the back-up of tooM36 in place as shown, essen- 
tially crimps wall portions 1 14 and 1 10 against each other over greater than 50%. tor example. 75%. of the height of 
inner wan 1 10. Namely, the air cathode assembly, especially the contact portion of the cathode current collector, is 
urged directly against inner wail 1 10. thus further solidifying and making certain the electrical and physical contacts ini- 
tiated by the terming step used to formplatterm 108 and inner wail 1 10 as at FIGURE 20A. to flat and vertical conditions 

25 respectively. 

[0234J Certain parts of the working of bottom wall 37 are done before cell assembly, and certain other parts are done 
during ceil assembly. The parts of the working of the bottom wall of the can which are done before cell assembly can 
be done either before or after fabrication of air ports 38. 



30 THE SEPARATOR 

[0235] Separator 16 is positioned generally between air cathode assembly 26 and anode mix 20. Separator 16. in 
combination with bottom wall 98 of the cathode can and yommet 1 8, thus defines anode cavity 1 37 (FIGURE 32). The 
overall function of the separator is to maintain physical and electrical separation between anode mix 20. in the anode 
35 cavity, and the air cathode assembly. While maintaining the recited physical and electrical separation, separator 16 is 
required to enable facile passage of electrolyte, especially hydroxy! ions, therethrough, between the anode cavity and 
the air cathode assembly. 

[0236] Suitable materials for making separator 16 are. for example, a tightly woven nylon web. a microporous poly- 
propylene web. a nonwoven polypropylene web or a cetfuJosic web. The separator can be coated with a suitable ion 

40 exchange resin. An exemplary material is Acropor. NFWA from Gelman Sciences, a resin-coated woven nylon cloth. In 
addition, any separator material known to be suitable tor use in an afcaJine Zn/MnO^ cell can be used in eels of the 
invention, so long as the resulting separator has suitable porosity to pass electrolyte and hydroxy! ions while being gen- 
erally impervious to passage of anode material and electric current In general, preferred separator webs are coated on 
at least one surface with at least one of a number of wei-taiown ion exchange resins. 

43 [0237] The parent web from which the separator is ultimately fabricated is generally about .001 inch to about .005 
inch thick, with preferred thickness of about .002 inch or about .003 inch. Such thicknesses and materials are well 
known in the art Any separator material, of any thickness, generally known tor use in alkaline electrochemical cells, can 
be used in cells of tw invention. 

[0238] Individual separators 16 are fabricated by cutting appropriate sized, e.g. rectangular, work pieces from a larger 
so parent web. Such wok pieces are sized such that a length or height dimension of the separator can extend from the 
bottom of the cathode can. above slot 1 16. (FIGURE 3A) to generally the top of the cathode current collector (FIGURE 
38). Width of the separator work piece is sufficiently great to extend about 1 .25 to about 1 .5 times around the circum- 
ference of the inside surface of the air cathode assembly. 

[0239] During cell assembly, separator 1 6 is positioned against the air cathode assembly, preferably in surface-to-sur- 
55 face relationship with the air cathode assembly over the entirety of that portion of the inner surface of the air cathode 
assembly which extends above slot 11 6. 

[0240] In generally preferred embodiments, the separator is not adhered or otherwise bonded to the air cathode 
assembly. Experiments have shown that cells fabricated with the separator unbonded to the air cathode assembly pro- 
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dues greater closed circuit voltag than celts fabricated with the separator bonded to the air cathode assertory oy e g 
an adhesive which is a combination of carboxymethyl cellulose and polyvinyl acetate, or the like. Thus, the inventors 
contemplate thai normally-used adhesive may interfere with movement of the reacting ions m the cell especially at nigh 
rate demand levels. 

5 [0241 J Accordingly, in assembling a separator work piece into a cell, the separator wor* piece is generally termed into 
a cylindrical shape, with side edges overlapped. The cylinctically-shaped work piece is inserted into the cavity defined 
inside air cathode assembly 26. and optionally inside the cathode can. preferably without ptaong any adhesive on the 
separator for bonding the separator to the cathode assembly. The separator work piece is then released inside the air 
cathode assembly. The natural resilience of the separator work piece material causes the work piece to expand qui* 

to wardty against the inner surface of the current collector. The natural resilience of the separator work piece then hows 
the separator work piece in place while additional elements of the cell are installed and secured in the cell. 
[0242] On the other hand, if a gas bubble should occur at separator 1 6. such as between separator 1 6 and air cathode 
assembly 26. the cell output rate is reduced at high rate demands, and the overall ceil output at high rate <s reduced. 
Accordingly, in some embodiments where high rate demand is not a controlling issue, the separator can be adhered to 

'5 the cathode current collector. 

THE BOTTOM ISOLATION CUP 

[0243] As illustrated in FIGURE 3A. a bottom seal member such as bottom isolation cup 142 can be disposed on the 
so bo ttom of the anode cavity, in surface-to-surface relationship with the bottom wall of cathode can 28. between the pos- 
itively-charged bottom waH and the negatively-charged anode material. Cup 142 has a bottom wall 144 disposed 
against central platform 108 of bottom wall 37 of the can, and a side wall 146 extending upwardly from bottom wall 144 
and engaging against the inner surface of separator 16. 

[0244] Side wall 1 46 of isolation cup 1 42 is formed while being inserted into the anode cavity by pushing an appro- 
H pr iately -sized circle of material through a forming tube (not shown) using a punch (not shown) which doseiy 
approaches the outline of the inner surface of the forming tube and the separator in the cell. The isolation cup is thus 
famed as part of the process of the circle of resiliency deformans material being pushed directly into the anode cavity 
of the cell, inside separator 1 6. Side wal 1 46 is thus formed and thereby engaged against separator 1 6. by the process 
of forming and placing isolation cup 142. In addition, the terming and placing of isolation cup 142 by the punch and 
30 forming tube further urges separator 16 outwarcfly against air cathode assembly 26. thereby further assuring proper 
expansion of the separator against the air cathode assembly. 

[0246] The function of isolation cup 142. after being placed and positioned in the cell is to serve as a platform for, 
and to assist in, physically and electrically isolating the anode mix, in the anode cavity, from bottom portions of the cath- 
ode can. For example, isolation cup 142 is physically interposed between the anode mix and central platform 108. 
35 [0246] Isolation cup 1 42 can be made from any of the same materials, and in the same thjctaesse6, as can be used 
to fabricate separator 16. 

[0247] As illustrated in FIGURE 3A. the isolation cup is positioned tnwarcSy of separator 1 6 at and in surface-to-sur- 
face relationship with, the bottom of can 28. In general, the isolation cup is placed in the can, inwardly of the separator, 
and at the bottom of the separator and the bottom of the can, after the separator has been positioned inside the air cattv 
40 ode assembly. In such arrangement of separator and isolation cup, the combination of the separator and isolation cup 
covers the entirety of the otherwise exposed surface area of the cathode current collector. 
[0248] The isolation cup and the separator form, between themselves, a joint 1 48 which extends from the top of side 
wall 146 to the bottom-most interface of separator 16 with side wal 146 adjacent bottom edge ISO of separator 16. 
[0249] In an alternate structure (not shown), isolation cup 1 42 is inserted first into the anode cavity, followed by inser- 
ts tion of separator 16. tn such embodiment side wall 146 of the isolation cup is disposed against cathode assembly 26 
at cathode current collector 32. The lower edge of the separator is at the upper surface of bottom wal 144 of the cup. 
The bottom portion of the separator is in face-to-face relation to side wall 1 46, while the remainder of the outer surface 
of the separator is in tece-to-fcee relation to the cathode assembly at current collector 32. 

so BOTTOM SEAL 

[0250] As illustrated in e.g. FIGURE 3A, bottom seal 140 can be positioned over isolation cup 142, at and about joint 
148. and up against separator 16 above joint 148. 

[0251] The function of bottom seal 140 in such embodiment is to serve as a cap. and to assist in forming a bottom 
55 covering over the bottom wail of the cathode can. physically and electrically isolating the negatively-charged anode mix. 
in the anode cavity, from bottom portions of the positively-charged cathode can. For example, bottom seal 1 40 is phys- 
ically interposed as a mass of material, imperforate, and generally impregnable to the anode mix. between anode mix 
20 and isolation cup 142, between anode mix 20 and separator 16 at loci above joint 148. and between anode mix 20 
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and joint 148. 

[0252] Bottom seal 140 is placed in the bottom of the cathode can after the air cathode assembly has been installed, 
preferably after the air cathode assembly has been fixed in place; after the separata has been installed, and after any 
isolation cup has been installed. The separator, and preferably any isolation cup. are not fixedly mounted to any other 
element at this stage of the assembly The separator is. rather, held m place by the natural cytinfrical restorative forces 
of the material from which the separator work piece is fabricated, by the restorative assist applied by isolation cup 1 42. 
and by the tooling used to install isolation cup 142. The isolation cup is held in place by friction between side wail 146 
of cup 142. and the separator, the friction being associated with restorative forces in side wall 146. 
[0253] 3ottom seal 1 40 can be placed in position at the bottom of the anode cavity in either solid or liquid form. 'A/hen 
placed in the cavity m liquid form, a nozzle is inserted into the cavity, adjacent the bottom of the cavity, and the liquid 
material is dispensed toward the bottom of the cavity, in preferred ones of such embodiments, the can is spinning dunng 
such dispensing, to preferably distribute the seal material about the bottom of the cavity, including about the entire cir- 
cumference of joint 148. All the other elements in the can at that time are generally at ambient temperature, whereby 
the seal material is rapidly cooled, and solidifies in a short time. 

[0254] In preferred embodiments, the seal material is placed in the bottom of the cathode can in solid form, preferably 
as a sin^e pellet of material. When placed in the cavity in solid form, one or more sold pellets of the seal material are 
placed in the bottom of the cathode can cavity. For a "AA" size cell, about 0.25 gram of solid polymeric seal matenai is 
sufficient to provide an effective bottom seal. 

[0255] A heater can then be placed against or adjacent the outside surface of the bottom wan of the cathode can. A 
surtjtte heater is a contact heater whi* transfers heat to the can by conduction. Alternatively, the bottom wall of the 
cathode can is heated by a radiant or hot air heater. Further, a stream of e.g. hot air can be directed against the solid 
sealant pellet from inside the can. thus to melt and distribute the pellet For purposes of simplicity and effectiveness, a 
contact heatv. such as a hot plate or the like, heating bottom watt 37 of the can is preferred. 
[0256] By whatever method, sufficient heat is transferred through the bottom wail of the cathode can to mett the pellet 
of seal material, or is conveyed to the pellet in some other manner effective to melt the peflei The melted seal material 
flows as it melts, spreads out over the inner surface of the bottom of the cavity defined inside the can. and moves some 
distance up the sides of the separator. FIGURE 29 is representative of a photograph showing such in situ melted bottom 
seal material 1 40 after the seal material has melted, has distributed itself, including up the side wal of the can. without 
resorting to centrifugal force, and has re-solidified. Centrifugal force can be used to distribute the melted material, if 
so desved. 

[0257] In general, one or the other of the bottom isolation cup (FIGURE 2) or the bottom set! (FIGURES 21 -23. 27. 
29-30) are used as the bottom seal member in a given cell. Some embodiments use both the isolation cup and the bot- 
tom seal (FIGURE 3A). When plug 128 is used, the plug takes on the electrical properties of the bottom wall, whereby 
isolation cup 142. or seal 1 40. or both, are disposed between the anode material and the plug. Thus, in these embodi- 

is merits, the plug functions as a portion of bottom wal 37. ^ . 

[02581 FIGURE 29 shows an embodiment wherein isolation cup 142 is not used. FIGURE 3A illustrates the relation- 
shto of the seal to the isolation cup where the cup is used. As seen in FIGURE 3A. the isolation cup is disposed between 
bottom wall 37 and bottom seal 140. and covers the entire circumference of the top of joint 148. Thus, bottom seal 140 
provides an additional barrier. e.g. at joint 148. to electrolyte traveling along the inner surface of the separator, down- 

*o warily around bottom edge 59 of the current collector, and the bottom edge of the diffusion member, and thence out of 
the cell at an air port 38. A first barter is the above recited crimp of the can as at seal groove 130 or 130W at flange 
138 against inner wall 110 through current collector 32 and air diffusion member 38. A second barrier >s jart 148 
between the separator and side wail 146 or isolation cup 142. The bottom seal 140 is thus a tM barrier to electrolyte 

leakage at the bottom of the ceH. . . ^.u^ 

45 [02591 Bottom seal 140 can be made from any polymeric material having suitable dielednc properties, havingwrtatte 
chemical tolerance for the alkeftoe environment inside the cell, and having a melting temperature to accommodate 
placement and msfing of the sea) material in the eel without deleterious distortion of any of the other matenals in the 
cathode can at tie time the seal materia) is introduced into the can and distributed by healing. 
Mfi^^uWherain. -meWng temperature' refers to that minimum temperature where the polymer as a whole is 
so subject to fluid flow. Such definition allows for unmelted included particles so long as the melt phase .s the continuous 

K While no minrn^ melting temperature is contemplated, matenals found to *• 

above generally have melting temperatures of at least about 350 degrees F. for example linear low density poiyethyi- 

« 1^621 Al the upper and of the range, mertng temperatures are 

Hamaoc p Alma the recited umer end of 650 degrees R. the heat required to mert the respecove seoi maienw 

?n'aC c^e^nt oTesen, in me cathode e» ^^^^^ 0 
[0263] Thus, a wide variety of thermoplastic materials such as poryolefm and olefin copolymer compositions can be 
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used for bottom seal 1*0. There can be mentioned as soecrfic examples of such materials, without i.mftation me low 
density polyethylene*, the ethylene vinyl acetates, the linear low density polyethylenes. mixtures and copolymers of the 
above materials, and the like. 

5 THE ANODE 

[0264] Anode 12 indudes electroactive anode mix 20. and anode current collector 22 centrally disposed and in .nti- 
mate physical and electrical contact with the anode mix. Anode current collector 22 is held in position in the cell, and >s 
electrically isolated from the cathode, by grommet id. 

>o [0265] The primary function of the anode is to react zinc metal with hydroxy! ions to thereby produce electrons accord- 
ing to the anode half reaction, the reaction correspondingly producing zinc oxide. The locus of such anode reaction .s 
initially located adjacent the air cathode assembly in a fresh unused cell and. as the cell is used, the locus of reaction 
moves, generally as a reaction front, from the region of the cathode assembly toward the anode current collector. 
[0266] FIGURE 31 A illustrates a cell of the invention after signrftcant discharge, and thus illustrates the general nature 

is of the movement of reaction front 1 56. As seen in FIGURE 31 A. the relatively less -densely stippled anode mix material 
158. generally emanating inwardly from air cathode assembly 26. is reacted zinc oxide. The relatively more-densely 
stippled anode mix material 160. generally disposed about the lower portion of the anode current collector, is unreacted 
zinc. 

20 THE ANODE MIX 

[0267J In general, anode mix 20 can be any anode mix that is known for use in a zinc electrochemical ceil operating 
in an aqueous aJteiine environment, and especially any anode mix used in an alkaJine cell, including an alkaline air 
depolarized cel. 

25 [0268] In general, such anode mix includes about 25% by weight to about 45% by weight potassium hydroxide, about 
55% by weight to about 75% by weight particulate zinc, and suitable additives. Exemplary metal additives include bis- 
muth, indium, cadmium, lead, andtor aluminum, as wei as others known in the art. In a preferred embodiment, the addi- 
tive package includes lead, indium, and aluminum The indium is preferably present as indium compourd in sufficient 
fraction to enable increased rate of eiectrochemicaJ output of at least the anode portion of the eledrochemicaJ ceil. A 
preferred amount of indium in the indium compound is about 0.02% by weight to about 0.5% by weight, based on the 
weight of the particulate zinc. 

[0269] The aqueous potassium hydroxide liquid contains about 30% by weight to about 40% by weight, preferably 
32.5% by weight to about 37.5% by wei?*. KOH. 

[0270] The anode mix preferably also includes about 0. 1% by weight to about 0.4% by weight of an organic surfactant 
35 comprising hydroxyethylcellulosa, and may indude from 0.0% up to about 1 2% by weight mercury, the percentages of 
the organic surfactant, and the mercury where appropriate, being based on the weight of the zinc. The anode mix gen- 
erally also contains about 0. 1% by weight to about 1 .0% by weight, based on the weitftt of the zinc, of a gelling agent, 
and zinc oxide in amount of about 1% by weight to about 4% by weight, preferably about 2% by weight, based on the 
weight of the potassium hydroxide. 
40 [0271] The above anode mix is prepared as follows. A dry solid powder coating composition comprising equal 
amounts of organic surfactant, geling agent and MgO is added to a desired amount of particulate zinc, in amount of 
about 3% by weight coaling composition to about 97% by weight particulate zinc, and mixed in a coaling and mixing 
step to form a first dry-coated mixture of particulate zinc and the coating composition. At that point especially the 
organic surfactant and the gelling agent are coated on the surfaces of the zinc particles, but have not yet. in general. 
45 been activated. 

[0272] The dry coated zinc mixture is then mixed. 2 parts fresh uncoated zinc particles with 1 part of the coated zinc 
partides mature to form a second mixture of coated zinc particles with uncoated zinc particles, whereby each compo- 
nent of tha coaling is then present at a concentration of about 0.33% by weight of the second nurture. 
[0273] It wtf ba understood, of course, that some of the ooating material will transfer from the coated partides to the 

so uncoated parities during tha mixing of coated and uncoated partides. However, such transfer does not severely 
adversely detect from the benefits of using the combination of coated and uncoated zinc partides. 
[0274] Indium compound, with or without other additives, is then added to. and mixed with, the second mixture in the 
desired amount such as about 0.02% by wei^tt to about 0.5% by weight indium in the indium compound, based on the 
weight of the second mixture, to make a third dry mixture including the indium compound. The third dry mixture indudes 

55 (0 zinc particles coated with surfactant gelling agent and MgO. (ii) the zinc partides added after the coating and mixing 
step, and fiii) indium compound. 

[0275] For the above indicated size "AA" cel. about 8 5 grams of the third dry mixture can be placed into the anode 
cavity inside cathode can 28. inside separator 1 6 and above bottom 6eal 1 40 or isolation cup 1 42. the about 8. 5 grams 
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of dry mixture providing the preferred about 67% by weight of the material which will eventually be the full weiam of 
anode mix 20. 9 
[02761 A^jeous potassium hydroxide (about 33 percent by weight KOH in aqueous solution) can be used without any 
additives. A preferred potassium hydroxide is prepared for use in the anode by adding to a quantity of aqueous potas 
sium hydroxide preferably about 2% by weight ZnO. The resulting potassium hydroxide has a fluid consistency resenv 
bling that of water. No other additives need generally be used to prepare the potassium hydroxide tor use in makina the 
anode mix 20. y 
[0277J The so prepared potassium hydroxide is added to the third dry mixture in the ancde cavity, m amount to orov.de 
the preferred about 33% by weight of electrolyte in the finished anode mix 20. When the liqud potassium hydroxide is 
placed in the anode cavity, the potassium hydroxide coacts with the gelling agent converting the anode mix from a con- 
sistency resembling water to a gel consistency, m situ in the anode cavity. 

[0278J In any of the embodiments, the zinc oxide need not be initially provided in the alkaline electrolyte mixture as 
an equilibrium quantity of zinc oxide is ultimately serf-generated in situ over time by the exposure of the zinc to the alka- 
line environment and operating conditions extant inside the cell, with or without addition of one oxide per se. The zinc 
used in forming such zinc oxide is drawn from the particulate zinc already in the cell, and the oxygen is drawn from 
hydroxy! ions already in the cell. 

[0279J Any of the conventionally known gelling agents can be used in any conventionafly known amounts. Prefwred 
gelling agent composition is carooxypolymethyfene. available from B.F. Goodrich Company. Cleveland Ohio under the 
trade name CARBOPOL®. Preferred amount of the CARBOPOL® gelling agent is about 3% by weight, based on the 
weight of the zinc particles. 

[0280] When surfactant is present in the alkaline electrolyte together with the zinc, the surfactwt is believed to be 
chemically adsorbed on the surface of the zinc through the metal soap principle to form an hydrophobic monomolecular 
layer which provides a corrosion-inhtorting effect at the zinc surface, while at the same time making the zinc sufficiently 
available for the electrochemical oxidation reaction that the desired rate of production of tiectrochsmical power can be 
maintained under heavy loading of the cell. 

10281 ' a A surtatt * $urfac1ant » available from Aquaion company, Wilmington. Delaware, as "Natrosol® * The 
Natrosd® surfactant is an hydroxyethylcdlulose-based surfactant. While choosing not to be bound by technical theory, 
applicants believe that the hydroxyethylcellulose-based surfactant is at least in part mUing of the greater rates of 
power generated by anodes made with such material, and thus the increased rate of electrochemical output from such 
celts. 

[0282] In the above illustrated method of making anode material 26. the indium compound is added to the mixture 
after the organic surfactant is mixed with the particulate zinc. 

[0283] An indium compound preferred tor use herein is indium hydroxide. Methods of making suitable indium hydrox- 
ide are disclosed in United States Patent 5.168.018 Vbshizawa. and thus are well known. 

[0284] When indium hydroxide powder is mixed with the particulate zinc, the indium hydroxide powder may coat the 
zinc particles. When the potassium hydroxide is added to the particulate zinc, part of the indium hyctoode may be elec- 
trodepo6rted onto the surfaces of the zinc particles through the principle of substitution plating; thereby raising the 
hydrogen overvoftage on the respective surfaces of the zinc particles. Any remaining portion of the indium hydroxide 
which is not so ef ectrodepoeited is believed to be retained in solid form in the alkafine electrolyte. 
[0285] This 'remaining portion" of indum hydroxide, if any. may be eiectrodeposited onto fresh surface of zinc 
exposed when the zinc is subjected to dscharging, whereby the "remaining portion" of the indium can deposit on newly 
formed surface area of the zinc particles to thereby protect such newt/ formed surface areas from unwanted side reac- 
tions. 

[0286] The smaller the partide size of the indium compound, the better the dispersion in the alkaline electrolyte, so 
that the indium compound can be effective uniformly throughout the anode mix. If the indium compound particle is too 
small, however, it may be imrnecfateiy cissorved in the alkaline potassium hydroxide whereby the amount of the indium 
compound available to be used after partial discharge of the ceM may be insufficient 

[0287] The polaaerum hydroxide need not have any additives, although use of the ZnO as indicated above is pre- 
ferred The optional use of ZnO dscussed above is well known, so is not discussed further here. 
[0288] The amount of potassium hyfrcobde can vary from a low of about 25% by weight of anode mix 20 to a high of 
about 45%. The balance of the anode mix is made up primarily of the particulate zinc, matting allowance tor the noted 
preferred addrtivee. Preferred concentration tor the potassium hydroxide is about 27% to about 40% by weight with a 
most preferred concentration of about 30% to about 37% by weight of the anode mix 

[0289] The particulate zinc can generally be made from any battery grade zinc composition. Preferred partide size is 
about 100 to about 500 microns average, with at least about 90 weight percent of the zinc being within the stated range. 
[0290] In a first series of embodiments of the anode material wherein dry zinc composition is placed in the anode 
cavity followed by addition of electrolyte, the zinc preferably includes a smal amount of lead as an alloying agent such 
as about 200 parts per million (ppm) by weight to about 1 000 ppm by weight based on the weight of the particulate zinc. 
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Preferred amount of lead is about 500 ppm by weight, or tees. For use in me dry zinc addition method, indium preferaoiy 
comprises no more than 5 ppm by weight of the particulate zinc alloy. 

(0291] m me illustrated embodiments, the composition of the anode mix may include mercury as a functioning com- 
ponent therein. The amount of mercury can. however, be reduced as compared to conventional altaline eiectrochemj- 

5 cal ceils. Wr.ne an overall range of 0.0% by weight to about 12% mercury by weight is contemplated, preferred range 
for the mercury is up to about 3% by weight. A more preferred range is about 1% by weight to about 3% by weight mar. 
cury. Where suitable hydrogen overvottage can otherwise be obtained, the preferred anode composition <s free from 
effective amounts of mercury. However, where mercury is used, preferred particulate zinc is amalgamated such that the 
surface of the zinc bears an equivalent proportion of the mercury content to that of the bulk of the zinc. 

w [0292] While the precise mechanism is not fully understood, and while applicants choose to not be bound by technical 
theory here applicants believe that mercury, where used, and in the presence of the indium and the organic surfactant, 
facilitates an increased electrochemical reaction rate capacity in the anode, thus releasing electrons from the zinc at an 
increased si&ctrochemicaJ reaction rate, enabling a faster discharge of the cell under high rate corditions. 
[0293] The method of associating mercury with the zinc is not critical. Thus, mercury can be associated with the zinc 

is as by physically mixing mercury with the zinc particles, by alloying mercury with zinc, by solution displacement reaction, 
and the like. 

[0294] In the recently above noted embodiments, the particulate zinc alloy is preferably free from functionally detect- 
able amounts of indium. To the extent the particulate zinc may comprise indium as an alloy component therein, th 
amount of indium alloyed with the zinc is generally less than 100 ppm by weight based on the weight of the zinc. 
20 [0295] It is believed that indium compound in the anode composition, separate from any indium alloyed in the zinc, 
provides a trigger mechanism enabling the desired high reaction rate in the anode mix. Conventional cells, on the other 
hand, exhibit steadily declining voltage under high otain rates, which suggests that the reaction rate of the electrochem- 
ical reactions in such cells is insufficient to maintain a constant voltage at high drain rates. 

[0296] While the preferred embodiments have been deserted with respect to using indium hydroxide as the indium 
25 compound, indium chloride and indium sulfate are also contemplated to work as wefl. and so are within the scope of the 
invention. Applicants further contemplate that indium bromide, indium oxide, and indium sulfide, as well as other indium 
compounds, may work in place of the disclosed indium hydroxide, 

[0297] Additional metal compounds contemplated to work, in addition to or in place of the indium compound, are com* 
pounds of cadmium, gallium, thallium, germanium tin, and lead. Respectively, such compounds as CdO. Ga^, TI2O3. 

30. Qe0 2 . SnO. and PbO are contemplated. 

[0298] In a second series of embodiments, the additive package includes about 0.1% by weight to about 0.5% by 
weight preferably about 0.2% by weight to about 0.4% by weight of a solid polyethylene oxide surfactant such as those 
disclosed in USA Patents 5.128.222 >bshizawa et al and 5.308.374 Yoshizawa et al. tor example Surfton® S-161, avail- 
able from Asahi Glass Company, Tokyo, Japan; about 0.1% by weight to about 0.5% by weight, preferably about 0.2% 

35 by weight to about 0.4% by weight, of indium hydroxide; about 0. 1 % by weight to about 0.5% by weight preferably about 
0.2% by weight to about 0.4% by weight of poiyacryfic acid gelling agent: and about 0.1% by weight to about 1 .0% by 
weight, preferably about 0.3% by weight to about 0.8% by weight of a gelling agent such as the above mentioned CAR- 
BOPOL carboxyporymethyleneL 

[0299] In the above descrbed cornposition, the polyaailic acid gelling agent can be a material such as potassium 
40 polyacrylate. for example Aridall 1 460 from Chemdal Corporation. Palatine, Illinois, USA and may operate as a viscosity 
modifier, in combination with operating as a 'superabsorbent* and such properties may operate on the basis of cross- 
linking of such material. 

[0300] The particulate zinc is alloyed with bismuth, indium, and calcium in amounts of about 300 ppm by weight bis- 
muth. 300 ppm by weight indium, and 300 ppm by weight calcium. This embodiment is preferably devoid of mercury 
45 because of environmental concerns; however, cells of the invention are readily operable when mercury is included in 
the anode mix in well known amounts. 

[0301] In trie eecond series of embodiments, the potassium hydroxide electrolyte is combined with the particulate zinc 
before the zfrw ia placed in the anode cavity. The sequence of steps tor mating the anode mix is as follows. 
[0302] An a^jeous potassium hydroxide electrolyte composition is made at a concentration of 37.5% by weight KOH, 
so 3. 7% by wetyft tine oxide. An aqueous surfactant composition is made by mixing solid Surfton® So 61 surfactant solids 
with water at a 10% soids concentration. 

[0303] 999 grams of the KOH solution are mixed with 0.9 gram of the surfactant solution, 0.9 gram of solid indium 
hydroxide. 9.0 grams Aridal 1460. and 14.4 grs/ns CARBOPOL© 940. The resulting composition is mixed vigorously 
for about 15-18 minutes until a thoroughly mixed composition is obtained. The resulting gel is then aged for e.g. 16 
55 hours at room temperature. 

[0304] After the proper aging. 1 976 grams of paniculate zinc is added to the gel and mixed in at moderate speed until 
an homogeneous finished anode mix 20 is obtained. 

[0305] Or eater or lesser amounts of each of th alloying materials alloyed with the zinc can be used in various embod* 
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iments. Typically, the amount of any one alloying materiaJ is in the range of about 50 ppm by weight to about 750 pom 
by weight. Where the amount is less than about 50 ppm by weight the affect is generalry insuffkaent. Where the amount 
is greater than 750 ppm. the desired affect is generalry not enhanced. 

[0306J A variety of other zinc alloys are acceptable. There can be mentioned, for example, combinations of bismuth- 
rndium-aluminum-lead ahirnnum-indium-lead. bismuth-indium-lead. mdium-lead. and lead only. One preferred zinc 
alloy contains 500 ppm lead as the only signrfkant alloying material. Another alloy contains 500 ppm lead. 300 ppm 
indium, and 70 ppm aluminum. Yet another alloy contains 500 ppm lead and 300 opm indium, in addition, cells of the 
invention can employ any other zinc alloy known for use in a zinc electrochemical cell operating in an aqueous alkaline 
environment. 

[0307] The surfactant can be. in addition to the specific surfactant compositions disclosed, any surfactant known for 
use in a zinc electrochemical cell operating in an aqueous alkaline environment. 



ANODE CURRENT COLLECTOR 



ts [0308] In a first embodiment illustrated in e.g. FIGURE 2. anode current collector 22 includes an elongate shank 1 50. 
and a head 152 on one end of the shank. Head 152 can serve as the anode terminal as illustrated m FIGURE i . or can 
be in intimate electrical contact with anode cap 24 as suggested in FIGURE 2. Preferably, current collector 22. and 
especially shank 150, is symmetrically shaped. Most preferably, shank 150 is in the shape of a solid round rod. In cell 
10. shank 150 is immersed in, and is in intimate electrical contact with, anode mix 20. 

20 [0309] The function of current collector 22 is to collect electrical energy, produced by electroactive reactions m the 
anode, and to conduct the electrical energy, as electric current between the anode mix and the anode terminal. The 
functioning of the current collector requires at least a minimum threshold amount of surface area on shank 1 50 to be m 
intimate contact with anode mix 20 in order to "collect" the electric current produced in the anode mix. 
[0310] In electrochemical cells of the invention, the anode current oollector is not the primary electroactive anode 

2$ material, but is rather a receiver and transporter of the electricity produced at the mass of electroactive anode material, 
the mass of electroactive anode material, namely anode mix 20. being the primary electroactive anode materia. As 
usual, the current collector can be affected by side reactions such as oxidation, not per se productive of useful electric 
energy. And while the anode current collector can participate in the primary electroactive reaction on a secondary basis, 
the primary electroactrve reaction is primarily carried out based on the reactivity of anode mix 20. not the typically and 

30 generally unreactive current collector 22. 

[031 1 ] The outer surface of shank 1 50 is finished to a desired uniform surface smoothness, and is preferably free of 
deviations from the general surface finish. Such deviations might be. for example, burrs, nicks, and scratches, which 
would add surface area and thus promote an unnecessary amount of gassing, especially where the surface of shank 
1 50 may be plated with a gas sijapressing plating material. Non-symmetrical current collectors can be used, provided 

JJ accommodating modifications are made in cooperating ones of the other elements, for example grommet 18. with which 
the current collector interfaces and cooperates. 

[031 2] The anode current collector should efficiently collect current, and should conduct the current so collected to 
the anode terminal with minimal loss to internal resistance. Thus, in addition to the physical characteristics of the outer 
surface providing an efficient collector of electrical energy, the outer surface of the composition of current collector 22 

<o should be a good conductor of electricity. 

[031 3] In general, known and commonly used current collectors incorporate large fractions of copper in their compo- 
sitions because copper is a cost effective, good collector and good conductor, having low internal resist**:* The par- 
ticular composition selected for the anode current collector depends on the use anticipated for the cell, the environment 
in which the cell will be used, and the known efficiency of the materials under consideration, tor collecting and conduct- 

<5 ing electricity under the anticipated use. and use environment conditions. For primary cells, discharge capacity for a 
single discharge is a prominent consideration. Oxidation of the anode current collector, on the other hand, is of little con- 
cern so long aa no oxJdatkan occurs that would impede operation of the cell until after the cell is fuUy discharged. 
[0314] Pure copper is generalry not satisfactory for use as current collector 18. even under primary cell conditions. 
Accordingly, the copper is mixed or alloyed with additives, and/or the current cc Sector is plated with, tor example, tin, 

so gold, or other oxktton suppressing plating material in order to obtain the desired collection and conduction properties 
in the current col ector. without incurring unacceptable levels of oxidation of the current collector. 
[031 5] As suggested by the above noted plating, properties of collecting and conducting current are substantially con- 
trolled by the composition of the materiaJ at the outer surface of current colector 22. Accordingly, the current collector 
can comprise a substrate made of any of a variety of materials selected for other than current collecting or current con- 

fs ducting properties. Such substrate has the general size and shape desired for the finished current collector. The sub- 
strate material can be selected based on, tor example, weight, cost strength, or the like. The sitetrcte is coated, such 
as by plating, cladcfng, or the like with an outer layer having desired properties associated with collecting and conduct- 
ing electrical energy. The material used as the coating can also be used as the substrate, as in FIGURE 2. whereby the 
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coating per se is obviated. 

(0316) It is known to use. fa example, a number of brass compositions in making current collectors, such as 50% by 
weight to 80% by weight copper, and respectively 20% by weight to 50% by weight zinc. Specific examples are 70% by 
weight copper and 30% by weight zinc. 65% by weight copper and 35% by weight zinc. 60% by weight copper and 40% 
by weight zinc and 50% by weight copper and 50% by weight zinc. Such materials can be used as the entire mass of 
the current collector, or as a coating on an underlying substrate. Multiple effective coating layers can be used on a sub- 
strate so long aa the eiectricaUy effective outer layer exhibits the desired collection and conduction properties. 
[031 7J The above-noted brass compositions are sufficiently effective at suppressing oxidation as to be acceptable for 
use in primary cells which employ a single discharge cycle before the cell is disposed of. In general, the h>gher the cop- 
per fraction, the lower the internal resistance in the current collector. Similarly, the lower the copper fraction, the higher 
the internal resistance. It is known to use an anode current collector composition having copper modified with uo to 
about 1 1% by weight silicon, and generally comprising up to about 0.5% manganese, and the balance cooper. A most 
preferred anode current collector is a brass substrate having about 60% by weigm copper and about 40% by weight 
zinc and plated with tin over the brass. 
is [0318J In general, the anode current collector is assembled to grommet 18 by pushing shank 150 through apertur 
154 in the grommet The combination grommet-current collector is then emplaced in the can. with concunent dnvir^ of 
shank 150 of current collector 22 into zinc anode mix 20. This brings the shank into intimate electrical contact with th 
zinc anode mix 
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20 THE GROMMET 



[031 9J Referring to FIGURES 38 and 18, in the embedments illustrated, grommet 18 has a first major diameter 162. 
generally corresponding with the genera] inner diameter of the cathode can. an intermediate diameter 164. and a minor 
diameter 166. Ledge 106 defines a step diameter change between major diameter 162 and intwnediate diameter 164. 
23 Ledge 168 defines an arcuate diameter change between intermediate diameter 164 and minor diameter 166. Central 
aperture 154 extends through the grommet. from top to bottom, and is operative to rec«ve shank 150 of anode current 
collector 22 while exducfing head 152. thus to present head 152 for electrical contact with either an outside circuit or 
anode cap 24 (FIGURE 2). 

[0320J The functions of grommet 1 8 are generally as follows. First, the gjommet provides cefl closure at the top of the 
so cell, prawning escape, such as by leakage, of materials of the anode mix. especially leakage of electrolyte. 

[0321 1 Second, the grommet provides structural integrity to the top of the cell, in cooperation with the hoop strength 
of especially the cathode can, to resist transverse crushing of the cell at the top portion of the cell. 
[0322] Third, the grommet is made of an electrically insulating, preferably polymeric material, such as tor example 
nylon, which electrically isolates the anode current collector from any transmission of electricity through the grommet. 
35 between the anode and the cathode. Certainly, other materials can be used to make grommet 18 so long as they pro- 
vide the above described functions. There may be mentioned, for example, polypropylene, certain of the polyethytenes 
and other polyolefins and olefin copolymers, and the like as materials useful tor making grommet 18. 
[0323] Fourth, at and below ledge 1 68. the grommet at minor diameter 1 66 interfaces directly with air cathode assem- 
bly 26. and indirectly with separator 1 6. in some embodiments directly with separator 1 6, thereby to trap the air cathode 
40 assembly and the separator between the grommet at minor diameter 1 66. and the cathode can at an upper portion of 
side wall 39. 

[0324] Referring especially to FIGURE 18. ledge 106 is fabricated in the grommet and stop groove 102 is fabricated 
in the can side wal, before the grommet is assembled into the can, such that the stop groove receives ledge 106, and 
thereby stops downward movement of the grommet into the can when the grommet has been pushed the desired dis- 
43 tance into the can. Namely, ledge 106 and stop groove 102 cooperatively stop movement of the grommet inwardly into 
the can when the grommet is properly positioned in the can with the rest of the cell elements during cell assembly. 
[03251 With ledge 1 06 of the grommet property positioned on ledge 1 04 of stop groove 1 02. ledge 1 06 of the grommet 
comes into generally controting engagement with the air cathode and separator, as is discussed in more detail herein- 
after 

so [0326] Ae seen espedafy in FIGURE 18. a properly positioned grommet 18 fills the entire cross-section of the top 
opening of the cathode can, thus closing the top of the can to ingress into, or egress out of, the anode mix-receiving 
cavity 137 inside the cefl. SbH referring to FIGURE 18, when the grommet is property seated in the cell, top 169 of the 
grommet is modestly below the top of the can. The top of the can is then crimped over as illustrated in FIGURES 1 and 
18. Note also FIGURE 2 wherein anode cap 24 is shown optionaly placed on top of the grommet before the crimping, 

55 thereby to crimp the anode cap to the top of the cell at cap slots 170. 
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END CAPS 



[0327] Anode end cap 24 is positioned at the anode end of the cell, in electrical and preferably in ohysicai contact with 
head 1 52 of the anode current collector. The anode end cap is not used in all embodiments. Where anode end cap 24 
5 .s used, the anode end cap is secured in position at slot 1 70 by the crimping of the top of side wall 39 of the cathode 
can .nwardly and downwardly against the anode cap at cap slot 170. In such embodiments, the upstanding too cJstai 
ndge 1 72 of the grommet is crimped inwardly along with the top edge of the cathode can such that ridge 1 72 serves to 
separate, so as to physically isolate, and electrically msulate. the top edge of the cathode can from the top surface of 
anode cap 24. 

• o [0328] Sucn cnmpmg of side wall 39 and top distal ridge 172 over the anode cap in fuing the anode cap in place .s 
suggested in FIGURE 2. Preferably, electrical contact, between the anode cap and head 152 of the anode current col- 
lector, .s ensued by lightly tacking the anode cap to head 152 by. tor example, welding the anode cap to head 152 of 
the anode current collector. 

[0329] Closure of the cell by inwardly crimping the too edge of the cathode can side wall downwardly and inwardly 
is against ridge 1 72 of the grommet. without using an anode end cap. is comprehended in the invention, and- is illustrated 
m FIGURE 1 8. In such embodiment head 152 of the anode current collector operates as the anode terminal of the cell 
[0330] Cathode end cap 30 is positioned at the cathode end of the cell, typically at the distal edge of flange 1 38. Cap 
30 is securely affixed to the bottom of the cathode can. preferably by welding the cathode cap to flange 1 38 of the cath- 
ode can. 

20 [0331] As illustrated, the anode and cathode caps exhibit traditional cross-sectional shapes tor anode and cathode 
caps on round electrochemical cells- Other cross-section configurations can be used if desired, and a wide variety of 
such configurations will be obvious to those skilled in the art. typically based on the configurations of the appliances in 
which respective ones of the cells of the mention are to be used. 

[0332] The general function of either of anode cap 24 or cathode cap .30 is to facilitate making electrical contact 
23 between terminate of an outside electric circuit and the electrodes of the cel. To the extent the electrode caps make the 
contact more certain, more cost effective, or easier tor the user to effect caps 24 and/or 30 are preferably selected for 
use. 

[0333] To the extent the electrode cape do not provide any net advantage to the cell, such electrode caps need not 
be used. The occurrence, or not, of such net advantage depends on the intended end use of the cel. Where the eel is 
30 to be used in a conventional appliance, where the appliance terminate are configured to receive convwrtionai cells, the 
electrode caps may be used. Where the appliance is specifically structured to use cells of the invention, the appliance 
terminals are preferably structured to interface with head 152 on the anode current collector, and either platform 108 or 
flange 138 of the cathode can. obviating anode and cathode cape 24, 30. As a further option, platform 108 and head 
1 52 can be so configured as to be deposed in the physical location and physical arrangement usually extant in conven- 
es tional cells of the standard size of interest 

[0334] Anode cap 24 and cathode cap 30 can be fabricated from any conductive material which can rectify make 
good electrical contacts, and which will tolerate the physical stresses which are typically placed on such cape during 
routine use of the cell. A variety of such materials can be used for cape 24. 30. One c*i use. for example, a wide variety 
of materials such as those recited tor use in fabricating the cathode can. Among the materials which can be used for 
either or both of the anode cap and the cathode cap are. tor example and without Kmrtation. cold rofled steel, optionally 
coated on one or both sides with nickel; and stainless steel such as 305 stainless steel, optionally coated on one or both 
sidee with nickel. Other materials known in the battery art tor use as electrode caps in alkaline round eels are equally 
useful in cells of the invention. 
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<5 CORNER STRUCTURE DETAIL 



[0338] FIGURES 3A and 38, taken at dashed ctrdes 3A and 3B respectively in FIGURE 2. represent enlargements 
of the top and bottom respectively of the interior structure of the cell at and adjacent the top and bottom of the air cath- 
ode. FIGURES 3A and 3B illusfrate especially the seals, about the air cathode assembly at the top and bottom of cell 

so 1 0. against ol e ct oJ jte leakage, and in promotion of electrical isolation of the anode and cathode from each other. 
[0336] Referring to, tor example, FIGURE 7, any etecfroJyte traversing through the air cathode assembly must pass 
through the PTFE air diffusion member. However, the PTFE is hydrophobic, whereby the aqueous electrolyte generally 
does not traverse through the PTFE Accordingly, the PTFE air efffusion member is effective in normal use to prevent 
aqueous electrolyte from passing through the PTFE and thence out of the eel 

S3 [0337] The cell ts eepebatfy vulnerable to leakage of electrolyte, however, at any location where the electrolyte can 
by-pass the PTFE. and traverse a path that does not require that the electrolyte traverse through the PTFE or along a 
surface of the PTFE Such paths potentially exist at the top and the bottom of the cell adjacent the separator and the 
air cathode assembly. And while such paths devoid of such PTFE can be effectively sealed against electrolyte leakage, 
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such seal paths are more difficult to seal than corresponding paths employing such PTFE. 

CORNER STRUCTURE AT THE BOTTOM OF THE CELL 

5 [03381 Referring to FIGURE 3A. inner wall 1 10 of bottom wail 37. and lower portion 1 14 of side watt 39 form the inner 
and outer waits of flange 138 at the bottom of the cell, thus at slot 1 16 on the interior of the cell. As discussed with 
respect to the bottom structure overall, cathode current collector 32 and atr diffusion member 36 extend downwardly 
into slot 116. 

[0339J As illustrated in FIGURES 21 -24. the invention contemplates various implementations of crimping the flange 
io m order to collapse slot 1 16 at various bottom seaJ grooves such as 122, 130. and the tike, thereOy to bring inner wall 
1 1 0 and lower portion 1 1 4 of side wall 39 together in intimate relationships with the current collector and the air orffusjon 
member, and into dose proximate relationship wrth each other. 

[0340] FIGURE 3A illustrates that carbon catalyst 34 need not. and preferably does not. extend into slot 11 6. but is 
confined between air diffusion member 36 and current collector 32 above slot 1 16. Similarly, the bottom edge of sepa* 

is rator 1 6 extends generally to, but not into, slot 116, Thus, in preferred embodiments, the material extending into slot 1 1 6 
is limited to the cathode current collector and the air diffusion member. As illustrated in FIGURE 3A.the air diffusion 
member is rather compressible, and is accordingly highly compressed in the area of crimped bottom seal groove 1 30W, 
and by its typical resilience, entirety fills any residual width of the slot with its hydrophobic composition. 
(0341 ] Referring to the bottom of the cell and FIGURE 3A. liquid may potentially traverse a path downwardy to the 

20 bottom of slot 1 16. about the bottom edges of the cathode current collector and the air diffusion member, and upwardly 
along the outer surface of the diffusion member to an air port, thence to exit the cell. Points along such path are where 
separator 1 6 meets isolation cup 142 and where the bottom of separator 16 meets air cathode assembly 26. as well as 
the first choke region adjacent inner wall 1 10 at the wide bottom seal groove in slot 1 16 and the second choke region 
adjacent lower portion 1 1 4 of side wall 39 at wide bottom seal groove 130W. 

25 [0342] Such path generally begins where separator 1 6 meets bottom seaJ 1 40. and passes between separator 1 6 and 
bottom seal 140; and/or the path traverses between separata 16 and isolation cup 142 along joint 148. thence down- 
wardly past the bottom of separator 16. thence continuing downwardly between wall 1 10 and cathode current collector 
32. through the first choke region at the wide bottom seal groove in slot 116. The path then traverses past the bottom 
end of the cathode current collector and around the end of the current collector and air diffusion member 36. to the outer 

30 surface of the air diffusion member. Once on the outer surface of the air diffusion member, the path traverses upwardly 
through the second choke region, namely past seal groove 130W between air diffusion member 36 and lower portion 
1 1 4 of side wall 39. and finally must pass around or through seal ring 78 before advancing to an air port 38. If the seep- 
ing material should reach an air port, the material would be free to escape entirely from the cell, through the air port. 
[0343] Returning now to FIGURE 3A. bottom seal 140 provides a first obstacle to traverse of liquid along such path. 

35 Namely, bottom seal 140 is a liquid impervious polymer, and is in intimate physical contact with the separator along a 
meaningful height of the separator about the circumference of the cell at the bottom of the cell, thus blocking movement 
of liquid along the interface between seal 1 40 and separator 1 6 at the bottom of the cell. 

[0344] Any liquid which manages to get past the bottom seal and/or the isolation cup. next encounters the pressure 
exerted on inner wail 110 and current coOector 32 opposite compre ss ed wide bottom seal groove 1 30W. on flange 1 38. 

40 The recited crimp seal at bottom seal groove 130W substantially reduces the width "W4* (FIGURE 3A) across slot 1 1 6 
to that width which is occupied by the cathode current collector and the highly compressed air diffusion member after 
the flange has been permanently deformed under the crimping torce of e.g. tools 132 and 1 36. 
[0345] As illustrated in FIGURE 3A. diffusion member 38 is typically compressed in the seating groove to no more 
than about 50 percent preferably no more than about 35%. more preferably no more than about 25%, of the thickness 

45 of such diffusion member outside the sealing groove and adjacent e.g. an air port 38. The crimping is practiced specif* 
ically to provide such an obstacle to flow of liquid electrolyte. 

[0346) For eftectfve leatage prevention, the seal at wide bottom seal groove 130W substantiaBy doses slot ns 
except tor the widtv required by the cathode current collector and the highly compressed air diffusion member. The 
deformation poperies of the e.g. cold roled steel core layer of side wall 39 of the cathode can are such as to maintain 
so permanent the substance of the deformation imposed at the crimping step, and to maintain substantial pressure against 
the air diffusion member and the cathode current collector, thereby to maintain slot 116 closed to traverse of liquid elec- 
trolyte after tools 132. 136 are removed. 

CORNER STRUCTURE AT THE TOP OF THE CELL 

55 

[0347] Referring to FIGURE 3B. a top edge region of air diffusion member 36 is wrapped inwardry and downwardly 
about the circumference of top distal edge 57 of the cathode current collector, and about the top of separator 1 6. and 
thence downwardly along a top portion of the inner surface of the separator. 
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[0348] FIGURE 3B .ilustratas that carbon catalyst 34 need not. and preferably does not extend .mo the slot 1 74 
between minor diameter 1 66 and wide sealing groove 1 76 below the top edge 1 77 (FIGURE 32) of side wall 39 Rather 
the carbon catalyst is generally confined between air diffusion member 36. current collector 32 and separator 1 6 below 
slot 174. 

5 [0349] in preferred embodiments, the materia) extending into slot 1 74 is limited to the cathode current collector and 
the air diffusion member, and the top edge of separator 1 6 generally abuts the bottom of the grorrvnet whereby the sep- 
arator does not extend upwardly into the slot. As illustrated in FIGURE 38. the air diffusion member .s rather confess- 
pbie. and thus is highly compressed, as discussed tor the corner structure at the bottom of the cell, in the area of wide 
sealing groove 176. and the typical resilience of the diffusion member entirely fills any residual width of the slot both 

r; against the cathode can and against the grommet. whereby the hydrophobic properties on both surfaces of slot 1 74 
impede entry 3 f aqueous electrolyte into the slot and traverse of aqueous electrolyte along or through the slot 
[0350] Referring to the top region of the ceil and to FIGURE 3B. liquid may potentially traverse a path upwardly to the 
top erf slot 1 74. ?-om there, the liquid could take either or both of two paths. First the liquid might traverse the outer sur- 
face of the air diffusion member, and downward y aJong the outer surface of the diffusion member to an air port, thence 

rs to exit the ceil. Points along the overall such path are where the grommet meets the distal edge of the air diffusion mem- 
ber, arcuate ledge 168. and the outer surface of the air diffusion member in the choke region where the air diffusion 
member is crimped, and thus compressed inwardly, by can side wail 39 at wide sealing ryoove 1 76. 
[0351 J Such path is impeded both by the hydrophobic nature of the air drffusjon member and by the choke points 
defined by the pressure between the air diffusion member and the grommet and between the air diffusion member and 

20 the cathode can side wail at wide sealing groove 1 76. 

[0352] Second, liquid could traverse from the top of slot 1 74 upward* between grommet 1 8 and side wall 39 of the 
cathode can. thus to the top of the grommet and thence out of the cetf. 

[0353J Such path traverses, tor example, from inside the anode cavity, aJong slot 174 between grommet 1 8 and air 
diffusion member 36. thence upwardly between grommet 1 8 and side wal 39 to the top of the coil. Once the leaking 

25 material reaches the top of the cell, the material is free to escape entirely from the cell. 

[0354J Returning now to FIGURE 3B. wide seating groove 1 76 provides a frst obstacle to traverse of liquid along the 
upwardly directed portion of the path leading to ledge 1 68. Namely, wide sealing poove 1 76 exerts a torce compressing 
air diffusion member 36 against grommet 18 whereby air diffusion member 36 is in intimate physical and compressive 
contact with the grommet for substantially the full height of slot 1 74 about the entirety of the circumference of the cell 

30 adjacent the top of the cell, thus blocking movement of liquid between f/ommet 18 and air diffusion member 36 to the 
top of the slot 

[0355] Any liquid which manages to get past the compressed hydrophobic diffusion member and thus through slot 
1 74 and to ledge 1 68. depending on the path of interest, next encounters either the pressure between compressed wide 
sealing gjoove 1 76 and the compressed air diffusion member on the downwardly directed path, or encounters the pres- 
3S sure between the grommet and side wall 39 of the cathode can. Referring to the downwardly drected path, the pressure 
between wide sealing groove 176 and the hydrophobic air diffusion member constitutes a si^tficant obstacle to 
traverse of aqueous electrolyte. In addrtlon. in order to completely traverse wide sealing groove 176. the electrolyte 
must pass around or through seal ring 76 before advancing to an air port 

[0356] Referring to the upwardly directed path, upward of ledge 168. a grommet lock yoove 1 78 in side wall 39 (FIG- 
URE 2) preferably extends about the Circumference of the cell between wide sealing groove 1 76 and the top of grommet 
1 8. Grommet lock groove 1 78 is formed in can side wall 39 after the grommet has been installed in the can, and thus 
crimps the side wall of the cathode can against grommet 1 8 with sufficient pressure (i) to hold, or at least assist in hold- 
ing, the grommet in the can and (ii) to block flow of electrolyte between grommet 18 and side wal 39 upwardly toward 
the top of the cell. Grommet lock groove 1 78 exerts sufficient ongoing active pressure against f/ommet 18 to substan- 

45 tially impede flow erf liquid a.g. electrolyte upwaniy past grommet lock groove 178. The crimping of grommet lock 
groove 1 78 is practiced specifically for. among other functions, creating such an obstacle to flow of liquid electrolyte. 
[0357] For s ff a cl fre leakage pwention, wide seating groove 176 substantially closes slot 1 74 except for the width 
required by the combination of the cathode current collector, and the two layers of the highly compressed air diffusion 
member. The datamation properties of the e.g. cold rolled steel core layer of side wall 39 of the cathode can are such 

so as to maintain the deformation of yoov* 176 as imposed at the crimping stop, thereby to maintain slot 174 closed to 
traverse of liquid electrolyte after the crimping force of the respective tooling is released. 

[0358] Wide sealing groove 1 76. as illustrated in FIGURES 2 and 3B is fabricated by placing a grooving tool in the 
existing grommet stop groove 102 (See also FIGURE 30) and working the tool about the circumference of the can as 
well as downwardly, thus using the tool to widen the existing groove downwardry such that the yoove extends continu- 
es ously downwardly from the stop groove, and continuously about the circumference of the can. Thus, the height of the 
comparatively wider seating poove 1 76 incorporates, and expands on. the original rather narrower stop groove 102. 
[0359] in another embodiment illustrated in FIGURE 30. a separate top sealing groove 180 is fabricated in side wall 
39 below grommet stop groove 102 and above the bottom of slot 174. Such top easing groove 180 performs generally 
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the same function as wide sealing groove 1 76. but over a less* height of the ceil, and separate from %too groove 102. 
(0360] In yet another embodiment not shown, of corner structure at the top of the cell, namely adjacent the :op of 
anode cavity 137. but referring for guidance to FIGURE 3B. diffusion member 36 extends upwardly into slot i 74 and 
terminates at a top edge adjacent the corresponding top edge of cathode current collector 32. Namely, in this emoodi- 
s mem. diffusion member 36 is not turned inwardly and downwardly inside the cathode current collector oetween me 
cathode current collector and grommet 18. Rather, cathode current collector 32 is in direct surface-to-surface relation- 
snip with grommet 18. 

[0361 J While the separator is generally wettable by aoueous liquids, the pressure at e.g. wide sealing yoove 1 76 is 
effective to at least partially suppress migration of aqueous liquid upwardly into slot 1 74 in those ernbodiments where 
»o separator extends upwarcJy into slot 1 74. Thus, while the separator is generally hydrophilic. under the pressure of seal- 
ing groove 1 74. the separator loses at least part of its hydrophilic characteristic properties, and serves as the first tins 
of defense against leakage of liquid electrolyte out of the cell. Any liquid electrolyte which does manage to get past me 
separator in the slot still must traverse the choke points and other obstacles in one of the upwardly and downwardly 
directed paths described earlier herein, in order to effectively leak out of the cell. 

15 

SEALING TAPE 



[0362J As with other air depolarized electrochemical cells, a seal tape, suggested in dashed outline at 182 in FIGURE 
i . is installed on the outside surface of the cathode can, covering the air ports, in me cylindrical embodiments of cells 

20 of the invention, the sealing tape is installed about the entire circumference of the outer surface of side wail 39 and pref- 
erably extends from proximate e.g. bottom seal groove 1 30 to a location generally proximate sealing <poove 1 76 or 1 80. 
as applies. Tape 1 82 covens air ports 38. and blocks unrestricted access of air to the air ports, until such time as the ceil 
is to be placed into service. When placement of the ceH into service is imminent, the tape is removed, thereby exposing 
the air ports to ambient air. whereby the cathode half reaction is facifitated. 

2* [0363] Seal tape 182 can be made from any of the seal tape materials known tor use over air ports of air depolarized 
cells. Preferred materials are those known tor use where chemicaJ reactions are suitably suppressed, tor tack of air. until 
such time as the cell is to be placed into service. 

[0364] Such material can have, for example, a 2 inch wide base web about .002 inch thick and with suitable known 
porosity, with e.g. suitable pressure sensitive adhesive mounted thereon. The tape is applied by wrapping a suitable 
30 length of the tape, adhesive side inward, about the entire circumference of that portion of side wall 39 which contains 
air ports 38. namely the portion of side wall 39 which extends e.g. between bottom flange 1 38 and e.g. either wide seal 
groove 1 76 or top seal groove 180. 



REVIEW OF CERTAIN ASPECTS OF THE INVENTION 

33 

[0365] Electrical contact between the cathode current collector and the cathode can is effected at flange 138 at the 
bottom of the ceN. with either yoove 1 22 or 1 30 providing active holding force, or both grooves 1 22 and 1 30 where both 
grooves are used, holdng inner surface 60 of the bottom edge portion of the cathode current collector against the inner 
surface of inner wai 110. thereby establishing and maintaining electrical contact between cathode current collector 32 
<o and cathode can 28. 

[0366] Bottom seal material 140 can be placed in the bottom of the anode cavity by spraying melted seal material 
from a nozzle inserted into the anode cavity and toward the bottom of the cathode can, preferably with concurrent rota- 
tion of either the nozzle or the can. in the alternative, the uniformity of placement of bottom seal material 1 40. about the 
bottom of the anode cavity, is increased, over spraying melted seal material, when the seal material is placed in the 

45 anode cavity as a solid pellet or pel eta. and is melted in situ before being solidified by subsequent cooling of the so- 
melted seal material. However, applicants have noticed a modest performance advantage in cells which were con- 
structed wit! tw in situ melting step, as compared to cells wherein the seal material was applied as a melted spray. 
[0367] A p p fca i US contemplate that the noted improved uniformity of in situ melting of the seal material, over spray 
application at sJmdy-metted seal material 140. may be related to the very nature of spray appications. Namely, the 

so amount of material applied adjacent and at an edge of the spray pattern varies according to the exact position in the 
spray pattern. Thus, in order to assuredly cover an area of interest one normally directs the spray pattern so as to apply 
acceptable amounteAhfcfenesses of material throughout the target area. Accordingly, in obtaining the minimum desired 
full thickness coverage of spray material throughout the target area, the edges of the spray pattern generafly apply 
lesser amounts of the spray material outside the target area. 

55 [0368] In the case of cells of the invention, the spray target applies seal material at the same height as generally the 
same amount of seal material (aJ taring tor edge werspray) would reach in the meniscus adjacent the separator if the 
insulating mett plug (e.g. seal 140) were developed by in situ melting of one or more particles of the seal material as 
described above, (n order tor the spray application to cover the target area including the meniscus height, the tighter 
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edge areas of the spray pattern necessarily reach above the purported meniscus height 

[0369] While choosing to not be limited to technical theory here, applicants contemplate that the lighter spray cover- 
age in such higher areas above the meniscus zone, may impede electrical and/or physical mobility of reactant moieties 
to, from, or in, the cathode assembly adjacent where the lighter spray has been applied above the meniscus height cor- 
5 respondingiy retfcidng the level of electrochemical reactivity at respective adjacent portions of the reaction surface of 
the cathode assembly. Accordingly, where other factors are equal, the in situ melting method of applying thermoplastic 
seal material 140 is preferred. 

[0370] The active carbon catalyst is mechanically bonded between outer and inner surfaces 58. 60 of the cathode 
current collector by carbon catalyst material extending outwardly from projected open areas of the perforations, on ooth 

'o such outer and inner surfaces of the cathode current collector. 

[0371 ] An exemplary air diffusion member 36 is preferably fabricated by wrapping about 3.25 wraps of a suitable e.g. 
.002 inch thick layer of microporoua PTFE about active carbon catalyst 34. with suitable pressure and/or tension on the 
PTFE sheet material as the PTFE is wrapped. The affect of applying pressure and/or tension on the PTFE sheet as the 
sheet is wrapped about the carbon catalyst is that the resulting multiple-layer PTFE dffusion member has an overall 

is thickness smaller than the corresponding multiple of the nominal, at rest, single layer thickness of the web so wrapoed. 
In the above example, the resulting thickness of the 3-layer wrap is about .0035 inch. Suitable such wrapped multiple 
layer diffusion members have resulting thicknesses about 50% to about 70%. preferably about 55% to a»ut 65%. most 
preferably about 60%. as great as the sum of the thictaiesses of the layers wrapped. 

[0372] The effect of wrapping the PTFE while subjecting the PTFE to compressive and/or tensile reduction m thi<*- 
20 ness is to establish a desired air diffusion rate through the air diffusion member, depending on the amount of compres- 
sion imposed. Greater levels of compression, including greater levels than those recited above, can be used to establish 
lower rates of air diffusion, for example, to establish a lower air dffusion rate as a tod for controlling vapor transport into 
or out of the cell. 

[0373] Lower diffusion rate can also be used to establish an upper limit on the cathode reaction rate by reducing the 
25 supply of oxygen available at the cathode reaction surface. Lesser levels of compression and/or tension, including 
lesser levels than those recited above, can be used to establish higher rates of air diffusion and thus gj eater suppfy of 
oxygen to the cathode reaction surface. 

[0374] Another effect of wrapping the PTFE as a continuous (essentially endless) web is to ovoid any end edges 
extending substantially through one or more layers of the thickness of the diffusion member. Where e.g. 3.25 wraps are 

so used, for any electrolyte to get through the diffusion member, the electrolyte must either traverse through the thickness 
of 3 layers of the PTFE (not likely), or traverse along facing surfaces of adjoining layers of the PTFE for 3.25 times the 
circumference of the diffusion member (again not likefy). Given the above obstacles to liquid egress from the cell, (quid 
electrolyte in general does not exit the ceil through the PTFE dffusion member. Thus, the multpie layer endless wrap 
structure of the PTFE diffusion member is a significant factor in impeding such liquid exit through the diffusion member. 

3S [0375] In technically preferred embodiments, the diffusion member is turned inwardly about the circumference of the 
cell, over the top of the separator or cathode current coflector, and downwardly onto the top portion of the inner surface 
of the respective cathode current collector or separator. The downwardly-depending portion of the PTFE on the inner 
surface of the cathode current collector or separator provides a f rst-encountered sealing shield, in slot 1 74. impeding 
movement of electrolyte or electricity from anode mix 20 to the cathode current collector a the cathode can, thus 

40 impeding internal electrical shorting in the cell. 



OVERALL METHOD OF MAKING A CELL 



[0376] The fallowing materials are provided for assembly of a cell of the invention, A cathode can as described above 
45 is provided. Such cathode can has air pons 38 in side wall 39. in suitable number, preferably evenly distributed over side 
wall 39 adorning tie prospective reaction surtace area of the air cathode assembly. The cathode can includes provision 
for stabilization of the bottom of the air cathode assembly as at either slot 1 1 6 or throutfi plug 128. or the like, optionally 
in combination wtfh groove 122 or 130. The cathode can preferably further includes grommet stop groove 102. 
[0377] An air caffiode assembly 26 as descrbed above, is provided, in such air cathode assembly, an upstanding free 
so edge region of fm PTFE dtffusion member preferably extends e g. about .050 inch to about . 1 50 inch, preferably about 
. 100 inch to about .125 rah. above the top of the cathode current collector. 

[0378] A grommet 18 is provided, including ledge 106 property positioned tor interfacing with grommet stop groove 
102. Either grommet stop groove 102 or ledge 106, or both, can be continuous as shown, or can be intermittent about 
the circumference of the can and grommet The only requirement is suitable interlace to stop advance of the grommet 
55 as the grommet is assembled into the cell. 

[0379] A separator 1 6 as described above is provided. The height of the separator is such as to extend generally from 
the top of slot 116 or plug 128 to and into what will become slot 174 between grommet 18 and side waH 39 of the cath- 
ode can. The width of the separator is sufficient to extend more than the ful circumference of the anode cavity. The 
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composition of me separator is preferably as deserted above, though a unde variety of known separator materials can 
be tolerated in the invention. The thickness and resiliency of the sheet material used to make separator 16 -s sucn as 
to anticipate a resilient expansion of a tightty coiled such material inside the air cathode assembly when the lightly coiled 
material is released inside the cathode can. 

5 [0380] A suitable anode mix or anode mix precursor is provided. The anode mix is preferably the above described wet 
anode mix. preferably made as described, with the electrolyte composition being incorporated with the dry powder prior 
to the anode mix being incorporated into the cell. However, a wide variety of Known anode mixes, including dry anode 
mixes, subsequently wetted inside the anode cavity, can be used in cells of the invention: and a wide variety of known 
operable methods of mafcng such anode mixes, are acceptable, and ooerable in mafcng cells of the inv«mon. although 

10 the above described anode mixes are preferred. The reason such anode mixes are oreferred is because such anode 
mixes can potentially provide higher discharge rates than other, more widely-used anode mixes. 
[0381] A suitable anode current collector is provided. While a wide variety of anode current collectors can be used, a 
preferred anode current collector for some embodiments is a brass nail (70% copper, 30% zinc) in the form of a solid 
rod, coated (e.g. plated) with tin, gold, or other material providing a sufficiently high hydrogen overvoitage to impede 

is serf-generation of hydrogen gas inside the environment extant in the ceil. 

[0382] A suitable bottom seaJ material 140 is provided. The bottom seal material can be provided in either solid or 
melted/liquid form, depending on the method which is to be used in placing the seal material into the cell. When the seal 
material is provided in melted form, the melted material is generally contained in suitable spray machinery, including a 
suitable reservoir, a spray nozzle, and a pump for pressurizing the melted 6eal material. When the seal material is pro- 

20 vided in solid form, preferably a single pellet of suitable weight (eg. 0.25 gram for a size "AA" ceN) is provided. Multiple 
pellets, of suitable combined mass, for use in a single cell are acceptable, but less desirable. 
[0383] Given the above provided materials, air cathode assembly 26 is inserted into the cathode can, with the bottom 
of the air cathode assembly extending to the inside surface of the lowest extremity 1 12 of bottom wall 37. 
[0384] The bottom wall of the cell is then crimped, either at flange 138 or against a conductive plug 128. using a 

25 groove e.g. 122 or 130. thus to fix air cathode assembly 26 in position in the can to provide electrical contact between 
the cathode current collector and the cathode can. and to effect a seal impeding flow of electrolyte around the lower end 
of the cathode assembly and thence out of the ceil. 

[0385] The separator is then rolled generally and loosely into cylindrical form, and is inserted into the cathode can. 
inwardly of the air cathode assembly. The separator is preferably pushed downwardly into the can until the bottom edge 
30 of the separator reaches the top of slot 1 16. or plug 128. whichever is being used. Once in the can. the separator is 
released, whereupon the separator automatically and resiliency uncoils/expands against the inner surface of the cath- 
ode current collector, thereby generally defining the circumferential side wall about the anode cavity of the cell. The bot- 
tom of the anode cavity is defined by the uppermost one of the bottom covering matenaJs, namely seal 140 or isolation 
cup 142. 

35 [0386] In some executions of separators in conventional metal-air ceils, the separator is adhesively bonded to the 
cathode current collector. While the separator can be e.g. adhesively bonded to the cathode current collector in cells of 
the invention, the high drain rate performance of the cell is improved, compared to a eel having an adhesively bonded 
separator, where the separator is not bonded to the cathode current collector. Accordingly, the invention contemplates 
preferred cells wherein no adhesive bonding is present between the outer surface of the separator and the inner surface 

*o of the cathode current collector. 

[0387] In embodiments where an isolation cup 142 is used, the isolation cup is typically inserted into the anode cavity 
after the separator is inserted into the cell. The isolation cup is placed inwardly of the separator, at the bottom of the 
anode cavity, with bottom wall 144 of the isolation cup against the central portion (e.g. central platform 108) of the bot- 
tom wall of the cathode can. For example, the bottom surface of bottom wall 144 is against the top surface of central 

45 platform 1 08 in FIGURES 2 and 3A, although small spacings are shown between the elements in the drawings tor ease 
of visuaiy distinguishing the elements from each other. 

[0388] In the ait amative, the isolation cup can be inserted into the anode cavity, followed by insertion of the separator 
into the anode cavity, including into the isolation cup such that the bottom edge of the separator extends to the top sur- 
face of bottom wafl 144 of the isolation cup. Once the separator and isolation cup are in place in the anode cavity, the 

so bottom seal material, rf used, is next inserted. Where pre-merted seal material is used, a spray nozzle is thus inserted 
into the anode cavity, with the spray orifice of the nozzle generally disposed ta*ard the bottom of the cavity. 
[0389] Preferably the cathode cai and contents are rotated while liquid (melted) seal material at e.g. 500-575 degrees 
F. is dispensed from the nozzle onto the bottom of the can, or the isolation cup as appropriate. Seal material is accord- 
ingly disposed onto the lower portion of separator 16 at the same time. In general, the cathode can and contents are 

55 at approximately ambient temperature when the seal material is dispensed. Accordngjy. the cooler temperature of the 
cathode can and contents r**Sy cools the dispensed seal material to below its solidification temperature, whereby the 
seal material rapidly reverts to the solid state after placement into the anode cavity in melted condition and before flow- 
ing down by gravity off the side wall of the separator. 
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(0390] Where seal material is introduced into the anode cavity in solid state, preferably a single pellet of eg. 0.25 gram 
(for size "AA" cell) of seal material is placed in the bottom of the anode cavity, against central platform 1Q8 or isolation 
cup 1 42. The desired amount of seal material can be placed in the anode cavity as more than one pellet, but the single 
pellet is preferred. 

5 [0391] The solid seal material is then melted by heating, and after melting is cooled and thereby re-solidrfied. The 
melting can be done by, for example, inserting a hot air nozzle into the cavity above the seal material pellet and using 
hot air to melt the pellet. In the alternative, and preferably, a hot contact heater contacts the outer surface of bottom wall 
37, and provide* melting heat to the seal material by conduction through bottom wall 37. Either way. the seal material 
must be heated sufficiently that the seal material melts or otherwise flows and fills the bottom of the cavrty, esoeoally 

»5 to close off joint 148 and/or any other joint between separata 1 6 and a bottom member of the anode cavity such as 
platform 108 of the can or isolation cup 142. 

(0392] The heated, fluid seal material flows to fill the joints, and preferably terms a meniscus (FIGURES 3A and 29) 
providing a significant seal interface between seal material 140 and the lower portion of separator 16 where separator 
16 interfaces with the bottom of the anode cavity, whatever the structure at the bottom of the anode cavity. 
is [0393] The upwardly-inclined meniscus at the separator provides a suitably long path that any potentially leaking elec- 
trolyte must travel in order to leak past the seal material and downwardly into slot 1 1 6. Especially where the central por- 
tion of bottom wall 37 is lower than outer portions of the bottom wan. such as at FIGURES 27 and 29. the meniscus is 
important to retaining suitable thickness of the insulating meft plug at separator 16. 

(0394] Once the seal material flows, and fills the appropriate locations in the bottom of the anode cavity, cooling is 
20 agasi provided, effective to solidify the seal material in the bottom of the anode cavity, thus to fix the seal material in the 
desired location at the bottom of the anode cavity. 

[0395] With the bottom of the can property protected by seal material or the isolation cup. or both, a suitable quantity, 
e.g. about 13.5 grams of wet gelled zinc pre-mix composition is added to the anode cavity, whereby the finished and 
functional wet electrolyte composition is then in place in the anode cavity, irr the alterative, e.g. *»ut 8.5 yams of a dry 
25 zinc pre-mix is added to the anode cavity followed by addition of suitable electrolyte composition. 

[0396] The anode current collector is assembled to the grommet by inserting shank 1 50 of the anode current coflector 
through aperture 154 of the yommet. until head 152 of the anode current collector abuts the top of the grommet about 
aperture 154. 

[0397] The subassembly of the grommet and the anode current collector is then inserted into the anode cavity, with 
30 the shank of the current collector disposed inwardfy of the grommet and penetrating into, and into intimate physical and 
electrical contact with, the anode mix. The yommet/current oollector subassembly is preferably advanced into the 
anode cavity until grommet ledge 106 abuts ledge 104 of stop groove 102 of side wal 39 of the cathode can. 
[0398] After the grommet and anode current collector are inserted into the cathode can, suitable grooves are termed 
or expanded about the side waH of the cathode can to lock the grommet in place, and to provide effective seals against 
35 leakage of e.g. electrolyte out of the cell past grommet 1 8. For example, the eel can be turned against suitable tools to 
create grommet lock groove 178 (FIGURE 30) and/or top sealing groove 180. or both (FIGURE 30). about the entire 
circumference of side wall 39. Grommet lock groove 1 78 is optional. Top sealing groove 1 80 is obviated where grommet 
stop groove 102 is expanded downwardry as shown in, tor example. FIGURES 2 and 38 to form wide yommet lock 
groove 176. generaSy extending between and including what are shown as stop groove 102 and sealing groove 180 in 
40 FIGURE 30. 

[0399] Inserting grommet 18 and anode current collector 22 into the can. and terming the recited grooves 1 76. 1 78. 
180, as appropriate, completes the closure of the cell, including terming a desirably tight closure and seal of the ceil. 
[0400] Wide sealing groove 178 is fabricated by placing the working tool into grommet stop groove 102. and holding 
the tool at a suitable radius to provide inwardly-directed sealing force against yommel 18 while turning the cell and 

45 gradually moving the working tool downwardly from the height of stop groove 102. As the tool is moved gradually down- 
wardly while hoklng the recited racfus, stop groove 102 is expanded downwardly and optionally tnwardry. thereby to 
bring pressure to bear against the drffusion member, cathode current collector, and separator, and indirectly against 
grommet 18. over an expanding vertical height eventually reaching the dimension "H1" (FIGURE 3B) and locking the 
diffusion member tie cathode current collector, and separator in a press-fit configuration in slot 1 74, against grommet 

so 18, thus to term tie wide grommet lock groove as ilustrated in FIGURES 2 and 38. 

[0401 ] Heitftf "HI* of wide grommet lock groove 1 76 is substantially greater than the height of grommet stop groove 
1 02 illustrated in eg. FIGURES 18 and 31 . Typical ratio of the height "H1 • of ?ommet lock groove 1 76 to the height of 
grommet stop groove 102 is of the order of about 2/1 to about 10/1, with preferred ratio of about 4/1 to about 8/1. 
[0402] With suitable seeling grooves and/or kxting grooves having been termed in side wall 39. the eel is at that point 

55 adequately closed and sealed against leakage of contents of the cell. Top edge 1 77 of the cathode can is then crimped 
inwardly, along with top ridge 1 72 of the grommet. against the top surface of the grommet thereby to provide the final 
closure crimp in closure of the cel. 

[0403] If an anode end cap 24 is to be used, the anode end cap is placed against the top a* the grommet betere the 
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too edge of me can and too ridge of the grommet are crimped over. In such event, the circuia/ outer perimeter of the 
anode cap <s thus trapped in slot 1 70 as the top edge of the can and the top rdge of the grommet are cnmoed over 
holding the anode cap to the anode end of the ceil. The anode cap is electrically isolated from top edge 1 77 of cathort. 
can 28 by :*e intervening electrically insulating top ridge 1 72 of the grommet. 
s [0404] Wh.: a the anode cap is thus placed in dose, and likely touching, proximity with head 1 52 of me anode current 
collector, a spot weld is preferably termed between head 152 and cap 24. thus to establish excellent electrical contact 
between me anode current collector 22 and anode cap 24. 

[0405] Correspondingly, if a cathode cap 30 is to be used, the cathode cap is placed against preferably the lowest 
extremity r 2 of the cathode can. and welded in place, thereby to obtain physical securement of me cathode cap to me 
to cathode car, and to establish excellent electrical contact with me cathode can. 

HOLLOW ANODE CURRENT COLLECTOR 

[0406] FIGURES 31 A and 31 8 represent cross-sections of representative cells after significant discharge of me 
is respective cells. FIGURE 31 A represents a cell having an anode wherein me zinc was placed in me anode cavity in me 
dry condition, with me electrolyte having been added to the anode cavity after addition of me dry zinc. 
[0407] 8y.contrast FIGURE 31 B represents a ceil having an anode wherein me zinc was placed in me anode cavity 
m me wet oondition. Namely, the electrolyte was added to. and mixed with, me zinc before me zinc was placed into me 
anode cavity. 

zo [0406] Bom of FIGURES 31 A and 31 B illustrate movement of reaction front 156 of the anode half reaction as oxygen 
from the air combines with me zinc in me anode, through me auspices of hydraxyl components of the electrolyte. As 
illustrated therein, me relatively lighter colored anode mix material 15a, namely me reacted zinc oxide, generally ema- 
nates inwardly from air cathode assembly 26. The relatively darker colored anode mix materia! 160. namery me unre- 
ached zinc, is generally disposed relatively inwardly in me eel, about me anode current collector. 

23 [0409] As FIGURES 31 A and 31B illustrate generally, in a fresh, unused cell, being put into use for the first time, me 
anode half reaction between hydroxy! ion and zinc initially takes place immediately adjacent me air cathode assembly. 
Thus, me reactive hydroxy! ion reacts with one of the first available zinc particles it encounters as it leaves the cathode 
assembly. Namely, me reactive hydroxy ion reacts with a zinc particle which is dose in distance to me cathode assem- 
bly. 

30 [041 0] As the zinc immediately adjacent me cathode assembly is used up in elect- ochemical reaction in me ceil, and 
is thus converted to zinc oxide, me hydroxy! ions have to travel further inwartfy from me cathode assembly, through me 
light-colored zone of reacted zinc oxide, in order to reach and associate with, and thus to react with, unreacted zinc, 
whereby reaction front 156 gradually moves inwardry toward me anode current collector as me zinc metal is progres- 
sively used up in me electrochemical reaction. Further, me reacted zinc oxide tends to coalesce toward a physical struc- 

35 ture more representative of a single agglomerated article, more stone-like in nature, and less easily traversed by me 
hydroxy! ions, 

[041 1] FIGURES 31 A and 31 ft representing dry and wet addition of me zinc, respectively, illustrate somewhat differ- 
ent paths of movement of me reaction front as use of the ceN processes. Bom FIGURES 31 A and 31B represent cells 
mat are substantially used up, namely substantial y used up assuming relatively high drain rates of one ampere, and 

40 using an end point of 0.9 volt In FIGURE 31 A. me reaction front has progressed substantially ail me way to the anode 
current collector at loci upwardly in me cell. But toward the bottom of me cell, me reaction front has moved inwardy from 
me cathode current collector to a lesser degree. Namely, the zinc oxide is about 2-3 millimeters thick. Accordingly, me 
cell of FIGURE 3 1 A illustrates unreacted zinc 160 in a bell-shaped configuration, open at me bottom, and focused about 
me anode current collector at tha bottom of me cell. 

45 [0412] The cell from which FIGURE 31 A is derived approximated a "AA" cell in size. The reaction front at lower por- 
tions of me caH was about 2 milfmstars to 3 millimeters from me cathode current collector. 
[041 3] The result is thai a first generaty cylindrical portion of me anode mix taken along me full length of me anode 
cavity, and wMk* is defined inwardry of me reaction front at me lower portion of me anode cavity, has a relatively lower 
overall fraction of reacted zinc oxide, and a relatively higher overall fraction of unreacted zinc 

50 [0414] By comparison, a second generally cylindrical portion of me anode mix. taken along me full length of me anode 
cavity, and which is defined outwardfy of me reaction front at me lower portion of me anode cavity, has a relatively higher 
overall fraction of reacted zinc oride, compared to me first generally cylindrical portion of tha anode mix. So. comparing 
me first and second cylindrical portions of me anode mix. me second outward cylindrical portion of me anode mix is 
more effectively used in me cell man is me first inward portion of ma anode mix. in me embodiment of FIGURE 31 A 

55 [041 5] Referring now to FIGURE 31 B, which represents me zinc having been added to ma anode cavity in me wet 
condition, me first outward generally cylindrical portion is designated 1 61 A, and the second inward generally cylindrical 
portion is designated 161 B As seen in FIGURE 31 B. the outward portion 161 A represents a high fraction of conversion 
of zinc to zinc oxide, and me inward portion 1 6 1 B represents a low fraction of conversion of zinc to zinc oxide. However, 
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the reaction front represents a relatively cylindrical surface, ail along the height of the anode nu m the anode cavity 
(041 6 J It should be understood that the reaction front profiles illustrated in FIGURES 3 1 A and 31 8 represent onry n,gh 
drain operation of the ceils. While greater fractions of the zinc can be reacted, and thus used up. where drain rate and/or 
vortage are law, typical demands anticipated for cells of the invention are tocused on higher &din applications. 
5 whereby low drain rate properties are not anticipated to have significant value. Accordingly, the higher frain rate profiles 
illustrated in FIGURES 31 A and 31 8 are believed to represent the more typical real life use of such cells. Cells of the 
invention can. of course, also be used in moderate and low drain rate applications. 

[041 7] FIGURE 32 represents a further embodiment of the invention which takes advantage of the high use rate char- 
acteristics of outer cylindrical portion 1 61 A. though the outer and inner cytincticaJ portions are not specifically illustrated 
to in FIGURE 32. As illustrated m FIGURE 32. elongate shank 150 of anode current collector 22 is tubular, including stie 
wall 184 and end wad 1 86 defining cavity 188 inside shank 150. 

[0418] As illustrated, shank 150 has a diameter "DV, preferably but not necessarily generally constant along the 
length of the shank, including through grommet 1 8. Side waJM84 has a thickness *T3." Separator 1 6 defines width W5* 
of anode cavity 137. The purpose and benefit of the errtoodiment of FIGURE 32 is to reduce the weight of cell 10 by 

ff eliminating some or ail of the lesser-used zinc of inward portion 161 B while retaining ail. or nearly all. of the more-used 
zinc of outward portion 1 6 1 A. The overall result is that significant weight is eliminated with elimination of the inward por- 
tion of the zinc, while overall energy capacity of the ceil is reduced to a lesser depee. Correspondingly the ratio of the 
overafl energy available from the ceil to the weight of the ceO (the energy/weight ratio) is increased over the ratio for a 
cell having a solid shank 150. as represented by cells of either of FIGURES 31 A. 31 B or similar cell wherein the snank 

20 is merely larger in dameter. 

[0419] Referring to FIGURES 31 A, 31 8. the unreacted zinc 160 at termination of operation of the eel is weight in the 
cell which provides no operational benefit to the cell. Namely, the unreacted zinc 160 contributes to the denominator 
"weight" of the ratio without contributing to the numerator * energy" of the ratio, namely the total energy available from 
the cell. 

h [0420] By replacing the unreacted zinc of FIGURES 31 A. 318 with a less dense material inside shank 150. typically 
air. the weight of the cell is reduced while reducing the total energy available from the cell to a lesser degree, whereby 
the ratio of energy to weight is favorably advanced 

[0421 ] Thus, as diameter "Or of hollow shank 1 50 is increased, the amount of unreacted zinc existing in the cell after 
full effective discharge of the ceil is decreased until the shank is sufficiently large, thus sufl icientJy close to the separator. 
30 that substantially ail the zinc is consumed by the time the cell reaches the end point vortage. of typicaly about 0.9 volt 
to about 1 .0 volt. Namely, the greater the diameter "01,* the closer is side wal 184 to separator 16. and thus the less 
the distance between shank 150 and separator 16. 

[0422] In comparing variations of the embodiments represented by FIGURE 32. and in light of the teachings respect- 
ing FIGURES 31 A. 318, and further assuming that the diameter of the shank does not extend outwardly beyond the 

35 reaction front represented in e.g. FIGURE 31 B, the doser side wall 184 of shank 1 50 comes to separator 1 6, the less 
the amount of unreacted zinc at the end point. Where the ratio of total energy to weight is an important operational cri- 
terion of the cell, the preferred construction is a celt having no, or substantially no. unreacted zinc at the cell end point, 
namely when the cell can no longer provide the threshold required voltage at the effective load. Accordingly, the diam- 
eter of shank 150 preferably corresponds generally with the diameter of the reaction front when the end point vortage 

40 of the cefl is reached. 

[0423] in that regard, compared to an anode current collector having a solid shank, improvement in the energy/weight 
ratio is seen at any time when the expanded dtometer of shank 150 displaces what would otherwise have been unre- 
acted zinc at the end point of the use life of the cell Accordingly, some benefit is usually seen when the distance 
between side wall 184 and separator 16 is no more than 40 percent of the average distance across the diameter, or 
45 other cross-section, of anode cavity 1 37. Oepending at least in part on width "W5" of anode cavity 1 37. further improve- 
ments are seen in the energy/weight ratio in cells wherein the distance be t ween side wal 184 and separator 16 is less 
than 40 percent at tie average drstance across the dameter. Thus, a distance of no more than 30 percent typically pro- 
vides an impiwement over the 40 percent distance, 

[0424] A stS tether improvement is typically obtained when the distance is no more than 25 percent. Yet further 
so improvement ie seen in at least soma embodiments when the distance is no more than 20 percent In some embodi- 
ments, still further improvements are seen when the distance is no more than 1 5 percent, or 10 percent The actual opti- 
mum percentage depends on a variety of parameters relating to the specific cell under consideration. Such parameters 
can include, for example, size and configuration of the anode cavity, the wet or dry condition of the zinc when placed in 
the anode cavity, end point voltage, cfrain parameters including drain rate, and the fika. 
55 [0425] As used herein, 'average distance across the dameter* means the average distance taken across the cross* 
section of the cell, and wherein diameter is the diameter of a cell having the same cross-sectional area as the specific 
cell being evaluated. Thus are cells having non -cylindrical configurations presided tor. as well as cylindrical cells. 
[0426] Once the expanded diameter of shank 1 50 reaches the point where no substantial mass of unreacted zinc as 
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at 160 remains when the ceil reaches the end point namely the diameter of the shank corresponds with the reaction 
from at the end point any further reduction in the distance between shank i SO and separator 16 does not significantly 
further improve the energy/weight ratio, whereby the average distance between the tubular anode current collector and 
the separator is sufficiently small that substantially no unitary unreacted mass of zinc remains proximate the anode cur- 

5 rent collector when the cell reaches typical end point vortage of about 0.9 volt to about 1 .0 volt Where the reaction front 
is not paraflel to shank 150. the optimum diam ter is somewhat less than where the reaction front is parallel to shank 
150, and a corresponding adjustment tn the designed cross-section of shank 150 is preferred. 
[0427] Still referring to FIGURE 32. side walM 84 and end wail 186 of shank 1 50 define cavity 188 inside shank ISO. 
Cavity 188 can be open to ambient atmosphere through port 189 in head 1 52 of current collector 22. Accordingly, any 

i: oressure imposed on shank 150 which translates to a dimensional change in e.g. diameter of shank 150 results m a 
corresponding ingress or egress of air into or out of cavity 188 through port 189. Correspondingly, cavity 188 is not open 
to anode cavity 1 37, which would obviate the pressure moderating effect of port 1 89. 

[0428] Side wall 184 can be defined by a suitable material have a suitable thickness T3." for example and without 
limitation, about .006 inch to about .020 inch, defining a structural strength in snank 1 50 such that shank 1 50 withstands 

r5 forces typically exerted inside anode cavity 137. Such forces represent, tor example, the increased volume requirement 
of the anode material as the zinc is converted to zinc oxide in the electrochemical reaction. Such suitable material can 
be any of the brass compositions conventionally used for anode current collectors in cells having alkaline environments, 
for example, brass having compositions of 70 percent copper 30 tin. or 60 copper 40 tin. Other brass compositions, as 
well as other conventional anode material compositions, can be used as desired. The composition requirements art 

20 only limited by the suitability of the material tor use as a current collector in the alkaline e.g. potassium hydroxide envi- 
ronment. Various material compositions are known for use in such alkaline environments, and ail such materials are 
contemplated for use in the instant invention. 

[0429] In other embodiments, thickness T3" is selected, along with suitable material, to be thinner, for example and 
without limitation, about .002 to about .020 inch thick, such that shank 1 50 collapses under forces typically extant in the 

25 anode cavity during typical conditions to which the cell is exposed. While the same materials as above can be used, 
e.g. the thickness of side waM 184 is reduced, whereby the side wall of the shank which passes through grommet 18 
can collapse to a dimension less than the effective diameter of the shank as the shank passes through grommet 18. 
thus providing additional space inside the cell. As needed, a reinforcing sleeve or collar 198 can be used to reinforce 
shank 150 inside grommet 18 so the seal between shank 150 and grommet 18 at aperture 154 is not broken by any 

30 collapse of shank 150 inwardly inside grommet 18. Accordingly, collar 198 is preferably confined to the region of the 
grommet and thus extends less than the full length of shank 1 50. 

[0430] In yet other embodiments of the cell of FIGURE 32. side wall 1 84 is made of a plurality of materials, typically 
a substrate defined by a substrate material, having a first material disposed on the polymeric substrate composition and 
optionally a second material disposed on the first material, and wherein the combination of the first and second mste- 
35 rials is suitable to collect electrical energy from the anode mass and to conduct such electrical energy between the 
anode mass and the anode terminal. Such substrate material can be rigid, whereby the tube does not collapse during 
discharge of the cell. In the alternative, the substrate can be rather collapstte, thereby to facilitate increasing the vol* 
ume of the anode cavity during discharge of the cell. 

[0431 ] As to the materials disposed on the substrate, there can be mentioned any and aJI of the materials convention- 
40 ally Known for use in shank 150. Thus, there can be mentioned gold, copper. silicon-copper alloys, silicon modified 
brass, conventional brass such as 70/30 brass and 60740 brass and the like, as well as tin and various tin alloys, and 
such materials coated with suitable such materials, tor example, tin-plated brass. 

[0432] As illustrated, cavity 188 is preferably vented to the atmosphere through head 152. In the alternative, cavity 
1 88 can be closed and sealed. Where the cavity is open to the atmosphere, cavity 1 88 contains ambient air. and ena- 
45 btes air to move in and out of cavity 188 at wil. 

[0433] Cavity 1 88 is a dosed chamber, closed especially to the anode cavity, such that contents of the anode cavity 
cannot mova into cavity 188. Thus, side wall 184 is imperforate to the anode cavity, and end wal 186 is imperforate and 
closed to tha anode cavity. 

[0434] Shv* 150 can be made with a dosed bottom wall by providing a plug at the end of a tube comprising side 
so wall 1 84. or by otowing and ironing a metal cup. thereby to form the bottom as part of a one-pece drawn and ironed 
work piece. 

(0435] In embodim«Tts where the cavity is a totally closed chamber, the cavity can contain other materials, generally 
placed in the cavity whan the cavity is formed. Such other materials can be. tor example and without limitation, any of 
the inert gases such as helium, argon, and the like. Such other materials can also include liquids and/or solids, so long 
55 as the density of the material disposed in cavity 1 88 is suff icientty small to contribute to the cavity reAjcing the overall 
weight of the cell. Thus, the density of any material contained in cavity 188 is generally no more than 80 percent of the 
density of the anode mix. Preferred materials have densities of no more than 60 percent of the density of the anode mix. 
Yet more preferred materials have densities of no more than 40 percent of the density of the anode mix. Still more pre- 
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fef red materials have densities of no more than 20 percent of the density of the anode nix. Other preferred materials 

have densities of no more than 10 percent of the density of the anode mix. Finally, gaseous materials can oe used m 

cavity 1 88. the densities of such gases being no more than 5 percent of the density of me anode mix, 

[0438] In the interest of minimizing the weight of the cell, cavity 1 88 typically contains a gas sudi as air. 

[0437] The tube defining shank 150 is not necessarily cylindrical, whereby the tube can be oval, ovoid, or otherwise 

annular, or may be hexagonal, or any other desired closed cross-section shape. 

[0438] Shank 150 generally reaches to nearly the bottom of anode cavity 188. tor example within about .005 inch to 
about .020 inch, preferabry within .010 inch, of the bottom waU 1 86. whereby bottom walM 86 of shank 1 50 is preferatty 
in close proximity to the respective seal 1 40 or isolation cup 1 42. such that the clearance between bottom wall 1 86 and 
the seal or isolation cup is minimal. 

[0439] The reach of the shank to nearly the bottom of the anode cavity optimizes use of the anode zinc matenaJ by 
locating surface of the anode current collector proximate the bottom-most zmc in the anode cavity, thereby to facilitate 
efficient use of such zinc. Nonetheless, for ease of assembly, a measurable distance may exist between bottom wall 1 86 
and the respective seal or isolation cup. whereby some anode material may be disposed between bottom wall 186 and 
the bottom of the anode cavtty. 

[0440] As used herein, references to AA size cells refer to the ANSI specifications tor AA size Alkaline Manganese 
Cells. Conventional AA size ceils have ANSI specified overall height of about 1 .96 inches (50 mm) and overall diameter 
of about 0.55 inch (14 mm). 

[0441] Table 3 illustrates comparative output of AA size cells of the invention compared to AA size conventional cells. 



TABLE 3 



Ex. No. 


Discharge Current 


Current per Cathode 
Area 


hr to 0.9V Beat of 5 cells 


Ahrto0.9V Best of 5 
Cells 


1 


1 Amp 


ISTmA/crrr 2 


46 


4.6 


2 


.05 Amp 


SmA/cm 2 


NA 


6.2 (est) 


3C 


1 Amp 


135 mA/cm 2 


1.0 


1.0 


4C 


05 Amp 


TmA/cm 2 


46.0 


2.3 



30 



Referring to Table 3. Examples 1 and 2 represent ceils of the invention. Examples 3 and 4 represent conventional cells. 
"Be6t of 5 cells" means that 5 cells were tested, and the number reported was the best eel of the 5 tested. 
33 [0442] Table 3 shows that celts of the invention have distinct advantage over same-sized conventional alkaline man- 
ganese cells. 



CAN-LESS CELL DESIGN 

40 [0443] FIGURES 33 and 34 illustrate yet another set of embodiments of cells of the invention, wherein the cathode 
can per se has been deleted as a receptacle fa receiving and containing the remaining elements of the ceil, and struc- 
tural strength of the cefl is provided by other cell elements. To that end, the cathode current collector is preferatty .007 
inch thick instead of the 0.005 inch thickness indicated for the previous embodiments which do include a cathode can. 
A top e g. closure member is used to consolidate the ceil elements at the top of the cell. A bottom e.g. closure member 

43 is used to consolidate the cell elements at the bottom of the cell. 

[0444] FIGURES 35 and 36 illustrate first and second apparatus and methods for assembling the top and bottom clo- 
sure members wrti the remaining el ement s of the cell. 

[0445] Final)* FIGURES 37 and 38 itustrate embodiments of the can-less eels employing hollow anode current col- 
lectors. 

50 

BASIC CAN-LES8 CELL 0ESIGN 



[0446] Referring now specif icaly to FIGURES 33 and 34. cathode assembly 26 is configured and assembled as in 
the above described embodiments except that a thicker cathode current collector is used. Preferred cathode current 
55 collector is 0.007 inch thick, thereby providing additional hoop strength to the cathode assembly. Cathode assembly 26 
is made in the manner descrbed above, making allowance for the thicker current collector material. 
[0447] Annular top closure member 200 receives the top end of the cathode assembly, while annular bottom closure 
member 202 receives the bottom end of the cathode assembly. Anode current coBector 22 is received through tap do- 
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sure member 200 and projects into the anode mix as in the earlier embodiments. 

[0448] Top idosure .member 200 .ncludes a slimmed-down nylon grommet 204 receded in a metal contoured too 
"asher 206. Grommet 204 receives anode current collector 22 through central aperture 154. Contoured top wash- 
206 .ncludes an outer annular slot 208 wh.ch receives an angular member 210 of grommet 204. the gromm 9t ha^a 

^.rzT^ja^ 

[ ^ 49] J™* E 3 ^." lu * trat « mo*" embodiment of the caress, receptacle-less structure, wfierein the itlustration 
shows the cell nunedotely prior to crimping of the top closure member inward* ,n final ctosure of the cel. As ST 
grommet 204 ,s constructed with a substantial angle (J in slot 21 1. of about 2 degrees to about 90 degrees, prefab 
about 5 degrees to about 30 degrees, more preferably about 5 degrees to about 20 degrees. Thus, slot 21 1 i S ourte 
open at the bottom to receive cathode assembly 26. Angle fJ <s defined by upwardly extending leg 210A outer flanoe 
21 0B. and downwardly depending leg 21 0C. of annular grommet member 21 0. Top washer 206 is placed over me grom 
met. whether before or after the grommet is assembled to the cathode assembly. Final crimping of top wasner 206 
inwardly aga.nst leg 214. accordingly, also substantially collapses angle 0 of the grommet while closing slot 21 1 ana 
crimpng leg 21 2 against the srie of the top closure structure. 

[0450] FIGURE 34A further illustrates in dashed outline that leg 210C can initially extend outwardly from flange 210B 
I such case, leg 21 0C is pushed downwardly when top washer 206 is assembled to the grommet to the position shown 
for leg 210C in solid outline in FIGURE 34A. 

[0481] FIGURE 34B illustrates a further embodiment of the can-less receptacle-less structure, as in FIGURE 34A 
but without downwardly extending leg 210C. Rather, annular member 210 ends at the outer edge of outer flange 210B 
approximately in line with the outer surface of diffusion member 36. In this embodiment, outer leg 212 of washer 206 is 
crimped directly against the outer surface of the diffusion member. Thus, in this embodiment diffusion member 36 
takes on an additional function of providing electrical insulation between top washer 206 and cathode current collector 
32. 

10452] FIGURE 34C illustrates a yet further ernbodiment derived from the structure of FIGURES 34A and 34B and 
wherein the diffusion member is folded inwardly, as in FIGURE 3A. over the top of the cathode current collector and 
downwardly along upwardly extending leg 21 OA of the grommet Diffusion member 36. accordingly, lines a substantial 
Portion of the combination of slots 208 and 21 1, and may line the entirety of the combination slot 
10453J FIGURE 340 illustrates a yet further embodiment derived from the structures of FIGURES i4A-34C wherein 
outer flange 210B has been omitted such that the annular receptacle which receives the cathode assembly is defined 
on the inner surface by leg 210A of the grommet. and the balance of the receptacle/slot is defined by leg 212. and the 
associated top curvature, of washer 206. Accordingly, diffusion member 36 provides the electrical separation, electrical 
insulation between the cathode current collector and the washer over both the outer and top portions of the combination 
slot 

[0454J As suggested by the drawings, the embodiments of FIGURES 348-340 depend quite heavily on the ability of 
the diffusion member to provide adequate electrical insulation, as well as on the physical durability of the diffusion mem- 
ber to not be crushed or cut to the point of faifcre during cell assembly and use. However, assuming a fixed maximum 
outer diameter tor the cell, by eliminating outer leg 210C. the cathode assembly can be moved outwardly a distance cor- 
responding to the thickness attributed to leg 210C. Such movement of the cathode assembly adds correspondingly to 
the volume of electroactive negative electrode material which can be loaded into the cell, thereby increasing the poten- 
tial electrochemical capacity of the cell. 

[0455] Top closure member 200 provides assembly integrity, and structural strength, to the top of the cel. <*ommet 
204 provides electrical insulation between the anode mix and the top closure member. 

[0456] Dc*mwardty depending outer and inner legs 212. 214, respectively, on opposing sides of slot 21 1 are effec- 
tively crimped toward each other to provide leak-proof closure of the top of the cett, generally taking the place of grooves 
102. 1 76, 178. 180 of eerier embodiments, as appropriate. As with the embodiments which utilize a cathode can. the 
diffusion member can terminate at the top of the current collector, or can be folded ever at the top of the cathode assem- 
bly, and thence extend downwardly inside the inner surface of the cathode current collector. Separator 16 generally ter- 
minates at or eighty above bottom slot 21 1 . 

[0457] Bottom member 202 includes a contoured metal bottom washer 216 having an annular slot 218. and an outer 
bottom seal member 220 received in slot 218. Seal member 220 includes a lower leg 222 extending inwardy from the 
outer region of slot 218 and under the bottom edge of the cathode assembly. Seal member 220 can be fabricated from 
any of a variety of electrically insulating materials. Typical such materials are polymers of the olefin and olefin copoly- 
mer classes. Seal member 220 is generally non-compressible in the sense that the density of the seal member gener- 
ally reflects the unfoamed density of the respective material from which the seal member is fabricated. Seal member 
220 is thus substantially less compressible than the above noted microporous PTFE diffusion member 3& 
[0458] Upwardly extending outer and inner legs 224, 226 respectively, on opposing sides of slot 218 are effectively 
crimped toward each other to provide leak-proof closure of the bottom of the cell, generally taking place of grooves 1 22. 
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1 30 and the like at the bottom of the cathode can. Indeed, upwardly extending leg 224 takes the pcxrtion of lower portion 
1 1 4 of can side wall 39; and leg 226 takes the position of inner wall no of the can bottom. Platform 108 extends across 
the bottom of the cell as in e.g. the embodiments of FIGURES 2. 28. 30. and 32. 

[0459] Omitting the cathode can from the design of the canless cells as m FIGURES 33 and 34 provides multiple 

5 desirable features. First by incorporating the much lighter weight top and bottom members in the ceil in place of the 
can. yet allowing for the increased weight erf the thicker cathode current collector, a substantial fraction (e.g. about 25%) 
of the weight of the cell is eliminated, accordingly enhancing the energy/weight ratio of the ceH. Thus does the can-less 
design reduce the weight required for generating a given amount of energy. 

[0460] Secord. a major portion of the length of the outer surface of the cell is represented by the cathode assembly. 
w namely the di^sion member being openly exposed to ambient environment. Accordingly, the can-less embodiments 
are also Knc*n -erein as having the cathode assembly 'openly exposed such as at an outer surface to the amoient 
environment." Such statement or the like thus refers to a cell wherein there is no traditional cathode can to provide tra- 
ditional containment and/or protection features to the cathode assembly or other contained elements. 
[0461] In such embodiments, the diffusion member represents the only barrier to the cathode reaction surface receiv- 
es ing maximum available oxygen. By suitably selecting and fabricating the porosity of the diffusion member maximum 
oxygen availability can be obtained while suitably controlling water vapor transmission. Such free availability of oxygen 
is advantageous where a high discharge rate is contemplated for the ceil. 

[0462] Third, the cost of the cathode can is obviated, including the cost of fabricating the can. including air ports 38. 
[0463] The can-less embodiments are fabricated in a manner similar to fabrication of the can embodiments of the 
zo invention except for utilization of the can. Thus, bottom seal member 220 is first seated in slot 218 of bottom washer 
216. Then, the cathode assembly is inserted into slot 218 inwardly of seal member 220. and onto the top surface of 
lower leg 222 as illustrated in FIGURE 34. Bottom closure member 202 is then crimped to the cathode assembly, estab- 
lishing the electrical contact between bottom washer 216 and the cathode assembly at upstanding leg 226, whereby 
the bottom closure member takes on the electrical contact function of the cathode can. The crimping of the bottom do- 

6 sure member also establishes crimping closure between seal member 220 and upstanding leg 224. thus to prevent 
leakage of electrolyte out of the bottom of the cel. Finally, joining the bottom closure member to the cathode assembly 
generally defines a receptacle for receiving the anode matenal. 

[0464] With the bottom closure member joined with the cathode assembly, and sealed to the bottom of the cathode 
assembly, the subassembly is then placed in an upright disposition, with the top of the cathode assembly extending 

30 upwardly to define a generally open receptade. 

[0465] Next the separator is inserted in the manner described earlier. The separator material and structure can be 
that of any of the separators described earlier. After the separator has been inserted, either or both of isolation cup 1 42 
and/or seal 140 are inserted into the open receptade to finish defining the interior of the anode cavity. The anode mx 
is then placed in the cell, either a wet anode mix or the 2 -step addition of a dry anode mix as described earlier herein. 

35 [0466] With the anode mix in place, the top dosure member, inducing the anode current collector, is placed on the 
top of the cathode current collector, correspondingly inserting the anode current collector into the anode mix. The com- 
bination of top closure member 200 and anode current collector 22 is then crimped in place to thereby seal the cell, 
inserting the anode current collector into the anode mix establishes electrical contact between the anode mix and the 
anode terminal at head 152 of the anode current collector. The crimping of the top dosure member to the cathode cur- 

40 rent collector doses the cell to leakage of electrolyte out of thecal. 

[0467] Top and bottom dosure members 200. 202 can be crimped to the cathode assembly at the above respective 
steps using apparatus such as that illustrated in FIGURE 35. Referring to FIGURE 35, a spring-mounted holder 228 
receives the top end of the cathode assembly, and supports the top end while the bottom end of the cathode assembly 
is disposed upwardly in the apparatus shewm. 

45 [0468] Bottom dosure member 202 is then placed on the upwardly-disposed bottom end of the cathode assembly. A 
slotted, cone-shaped collet 230 is then advanced downwardly onto the bottom dosure member and against oonicaiiy- 
shaped female tooling 231. simultaneously clamping downwardly and inwardly on the bottom dosure member. An inner 
supporting tool 232 provides support to inner leg 226 while collet 230 crimps inwardly on leg 224, thereby to establish 
crimped etecttcei contact between the cathode current collector and bottom closure member 202 at leg 226. The crimp 

so dosure also crimps tf* cathode assembly against seal member 220, thus establishing the seal against leakage of elec- 
trolyte out of the eel about the bottom edge of cathode assembly 26. 

[0469] With the bottom dosure member thus secured to the bottom of the cathode assembly, the subassembly is then 
turned right-side-up with the bottom of the cell being dimmed downwardly. The separator is then inserted into the sub- 
assembly, followed by isolation cup 142 and/or seal 140 to thereby complete the definition of the anode cavity. Then. 
55 the anode mix is placed in the anode cavity. With the anode mix in place, the subassembly of top dosure member and 
anode current collector is then assembled to the cathode assembly and the bottom closure member. Accordingly, the 
anode current collector is inserted into the anode mix and the top closure member is seated on the top of the cathode 
assembly such that the top of the cathode assembly is received in slot 21 1 . 
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[0470] The above described assemblage is then placed in holder 228 of the closure apparatus illustrated m FIGURE 
35. with the bottom closure member being received in holder 228 and the loosely assembled top closure member 
extending upwardly therefrom. Collet 230 is then brought down onto top closure member 200. crimping outer leg 212 
of the top dosure member downwardly and inwardry while supporting tool 232 supports inner leg 214 m channel 236 of 
5 top closure member 200. 

[0471 ] The crimping process practiced in the working of FIGURE 35 in general provides closure grooves aimping the 
top and bottom dosure members to the cathode assembly, and thus provides the same function as corresponding 
grooves 102. 176. 178. 180. 122. 130. and the like, which provide dosure seats on the previously described ortoodi- 
ments which use cathode cans. Thus, in the embodiments which use cathode cans, the top and bottom oortions of the 

'Q cathode can serve the same closure functions as the bop and bottom dosure members in the can-less embodiments. 
Accordingly, wherever herein we refer to a 'lop closure member' or a "bottom dosure member/ as respects closure 
and/or seal functions at the top and bottom of the cell, we specifically indude respective top and bottom portions of the 
cathode can as the top and bottom closure members, in those embod ments which use a cathode can. 
[0472] As an alternative to the toding of FIGURE 35. in the embodiment of FIGURE 36. top dosure member tool 234 

is advances downwardly onto channel 236. and pushes the entire cell assembly downwardly such that the respective 
outer leg 212 or 224. as appropriate, is crimped inwardry against tool 234 by corocally -shaped receptade tooting 238. 

CAN-LESS CELL HAVING HOLLOW ANODE CURRENT COLLECTOR 



so [0473J The embodiments of FIGURES 37, 38. 39. and 39A take the invention yet another step further in improving 
the energy/weight ratio of the cell. In FIGURE 37. the bottom corner structure is generally as disdosed with respect to 
FIGURES 2 and 3A. At the top of the cell, grommet 18 indudes an annul* slot 240 which receives the top of the air 
cathode assembly. Top contour washer 206 is received on the top of grommet 18. and extends downwardly about the 
outer edge of grommet 1 8. crimping an outer flange 242 of the grommet. .outwardly of slot 240. onto the cathode assem- 

25 Uy. thus locking the cathode assembly into dot 240. A downwardly depending fip 244 of contoured washer 206 makes 
physical and electrical contact with the outer surface of shank 1 50 of the anode current coflector. Optional anode termi- 
nal disc 246 doses the cavity 188 inside shank 150. A vent 189 (not shown in FIGURE 37) can be used as desired. A 
support collar 248 is illustrated in FIGURE 37 supporting the inner surface of shank 150. Cdlar 248 is preferably con- 
ductive, but can be non-conductive in the embodiment illustrated in FIGURE 37. 

30 [0474] The crimping of the downwardry depend ng outer leg of washer 206 against flange 242 provides a liquid-tight 
crimp seai against leakage of electrolyte out of the top of the ceM. Range 242 provides electrical insulation between the 
cathode assembly and the conductive typically metal, contour washer 206 which carries the anode charge. Flange 242 
is, of course, sufficiently thick to provide the desired electrical isolation between the anode and the cathode. 
[0475] The embodiment of FIGURE 38 further illustrates a can-less cell wherein the bottom structure is similar to the 

35 top structure illustrated in FIGURE 37. In FIGURE 38. the top structure is the same as has been descrbed for FIGURE 
37. Thus, grommet 18 electrically isolates the cathode assembly from contour washer 206 which carries the charge of 
the anode terminal. Grommet 18 further provides leakage control about the cathode assembly at the top of the cell. 
[0476] Turning attention no* to the bottom of the cefl. bottom grommet 250 indudes tfi inwardry disposed annular 
slot 252 which receives an upwardly depending lip 254 of bottom contour washer 216. Bottom contour washer 216 is 

«? received on the bottom of grommet 250, and extends upwardry about the outer edge of grommet 250. and upwardly 
about the bottom edge of cathode assembly 26. crimping the conductive metal bottom contour washer against the outer 
surface of the bottom edge of the cathode assembly. The bottom washer is thus in intimate electrical contact with the 
cathode current collector, and serves as the cathode terminal. 

[0477] An inner ftange 258 of grommet 250. disposed inwartfly of slot 252, isolates shank 1 50 of the anode current 
<s collector from contour washer 216 which carries the cathode charge. A second support collar 256 supports the inner 
surface of shank 1 50 at bottom grommet 250. Collar 256 is preferably non-conductive. 

[0478] FIGURES 39 and 39A ilustrate an embodiment having a hollow anode current collector, and top member 200 
as in the en (mutuants of FIGURES 37 ane 38. and wherein the bottom member more resembles the embodiments of 
FIGURES 33 and 34. Addressing specifically the bottom structure of FIGURE 39A. bottom member 202 indudes a con- 
so toured metal bottom washer 216 having a first outer annular slot 21 8 and a second inner annular slot 260. Seal member 
220 in outer slot 21 8 indudes a lower leg 222 extending inwardy from the outer region of slot 2 18 and under the bottom 
edge of the cathode assembly. Upwardly extending outer and inner legs 224. 226 respectively, on opposing sides of slot 
218 are effectively crimped toward each other to provide leak-proof dosure of the bottom of the cell about the bottom 
edge portion of the cathode assembly, and provide electrical contact between the cathode current collector and washer 
55 216 at leg 226. A foreshortened platform 108 extends inwardly of slot 218 to slot 260. 

[0479] An inner bottom seal member 262 is disposed in inner bottom slot 260 of washer 216 and receives shank 150 
of anode current coflector 22. Seal member 262 provides liquid seal, sealing the bottom of the anode cavity against 
leakage out of the cell at seal member 262. In addition, seal member 262 elecfrically isolates the anode charge on 
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shank 1 50 from the cathode charge on bottom washer 2 1 6. 

[0480] While the invention has been described herein in terms of cells used under high discharge rate conditions the 
invention is readily adapted and applied to cells used under moderate and/or low discharge rate condition* 
[0481] The principles taught herein with respect to cylindrical ceils can. in general, be applied to ether configurations 
of elongate cells. Accordingly, elongate cells of non-similar cross-section are contemplated, such as ceils having e g 
oval cross -sections, hexagonal cross-sections, and other polygonal shapes. 

[0482] As used mroughout this teaching, the term "anode" refers to the negative electrode of the electrochemical celt 
Respectively, the term "cathode" refers to the positive electrode ol the electrochemical cell. 

[0483] Those skilled in the an will now see that certain modifications can be made to the apparatus and methods 
herein disclosed with respect to the iDustrated embodiments, without departing from the spirit of the instant .nventton 
And while the invention has been described above with respect to the preferred embodiments, it will be understood that 
the invention is adapted to numerous rearrangements, mooifications. and alterations, and aQ such arrangements mod- 
ifications, and alterations are intended to be within the scope of the appended claims. 

[0484] To the extent the following daims use means plus function language, it is not meant to include there, or in the 
instant specification, anything not structurally equivalent to what is shown in the embodiments disclosed in the specifi- 
cation. 

Claims 

1. An elongate air depolarized electrochemical cell, having a length, a top, and a bottom, said air depolarized elec- 
trochemical cell comprising: 

(a) a cathode, including an air cathode assembly, extending along the length of said elongate air depolarized 
electrochemical cell; 

(b) an anode, including electroactive anode material in an anode chamber disposed inwardly, in said cell, of 
said cathode assembly; 

(c) a grommet juxtaposed adjacent a top portion of said cathode assembly, e.g. confined to a top portion of the 
cell, and closing the top of said elongate air depolarized electrochemical ceH; 

(d) a separator between said anode and sad cathode assembly; and 

(e) electrolyte dispersed in said anode material, said cathode assembly, and said separator. 

2. An elongate air depolarized electrochemical cell according to Claim i, including a seal extending into a slot 
between said gjommet and a top closure member of said cell, optionally either said air cathode assembly extends 
into the slot with said seal being disposed between said grommet and said cathode assembly, or said air cathode 
assembly extends into the slot with said seal being disposed between said grommet and said air cathode assembly. 

3. An elongate air depolarized electrochemical eel according to Claim 2. said air cathode assembly comprising a 
cathode current collector, extending into the slot, said seal extending upwardly into the slot from an outv surface 
of said cathode assembly, extending about an upper edge of said cathode current collector and downwardly toward 
an inner surface of said cathode current collector. 

4. An elongate air depolarized electrocherncai cell according to Claim 2, said air cathode assembly extending into 
the slot along a longrtudinaHy-extending length of the slot, said seal extending, in the slot, along substantially the 
entirety of the length of the slot occupied by said cathode current collector, and for example said seal extending 
upwardly into the slot from an outer surface of said cathode assembly, about an upper edge of said cathode current 
collector and downward^ along an inner surface of said cathode current collector, and thereby lining substantially 
the entirety of thai portion of the slot which resides between said grommet and said top closure member and which 
is occupied by said cathode current collector. 

5. An elongate at depolarized electrochemical cell according Claim 2, said top closure member being crimped 
against said grommet at the slot with said cathode assembly in the slot therebetween, thus to provide a liquid-tight 
crimp seal in the slot between the anode chamber and said cathode assembly. 

6. An elongate air depolarized electrochemical cell according to Claim 2, a top portion of said eel having an outer 
perimeter thereabout below the top of the eel, said top closure member being crimped at a first locus against said 
grommet at the slot and being further crimped against said grommet at a second locus displaced longitudinally 
from the first locus, about the outer perimeter between the slot and the top of said air depolarized electrochemical 
cel. 
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7. An elongate air depolarized electrochemcal cell according to Claim 5 or Claim 6. said top closure member being 
crimped against said grommet at th slot over substantially the entirety of that portion of the slot wherein a full width 
of the sJot. between said gTommet and said top closure member, is occupied by said cathode assembly. 

5 8. An elongate air depolarized electrochemical cell according to Claim 2. 3 or 5. said cathode assembly further 
comprising an air diffusion member disposed outwardly in said cathode assembly and extenaing upwardly into the 
slot as said seal, between said grommet and said top closure member of said ceU. 

9. An elongate air depolarized electrochemical cell according to Claim 2. wherein (i) said sea) comprises a micro- 
be porous polytetraf tuoroethyiene; or (ii) said seal comprises at least two layers of an air permeable microoorous sheet 

material, wrapped continuously and without intervening end. to form an outer surface of sad cathode asseroly, 
said seal comprising the at least two layers in the slot 

10. An elongate air depolarized electrochemical cell according to Claim 8, said seal comprising at least two layers 
'5 of a diffusion member sheet material wrapped continuously and without intervening end. to form an outer surface 

of said cathode assembly, and optionally said diffusion member, as wrapped on said cathode assemoiy, having a 
thickness no greater than about 75 percent of an uncompressed thickness of the diffusion member material as mul- 
tiplied by the number of wraps of the diffusion member sheet material. 

20 11. A cell as claimed in claim 1, in which at least a portion of said air cathode assembly being openly exposed as 
an outer surface to the ambient environment. 

12. A cell as claimed in claim 1. in which said air depolarized cell comprises a bottom closure member, said depo- 
larized ceil separate and distinct and spaced from a top closure member, said air depoiarzed cell being substan- 

25 tiaUy devoid of enclosing can structure along a substantial portion of the length of the cel. 

1 3. A cathode-separator combination for use in an elongate air depolarized electrochemical cell, said combination 
comprising: 

30 (a) a tubular cathode assembly precursor including 0) a tubular cathode current coflector having a side wall 

defining a closed perimeter thereof, and 00 « layer of a catalyticaly active composition disposed on an outer 
surface of said side wall; 

(b) an air permeable sheet material disposed about an outer surface of said tubular cathode assembly precur- 
sor and operating as a diffusion member; and 
M (c) a separator disposed against an inner surface of said tubular cathode assembly precursor. 

a first edge region of said air permeable sheet material extending about a second upper edge of said layer of cat- 
arytically active composition, and about a third upper edge of said cathode current collector, art downwardly 
against an inner surface of said cathode current collector, and fbr example said diffusion member comprises at 
40 least two layers wrapped continuously and without intervening end. 

14. A cathode assembly tor use in an elongate air depolarized electrochemical cell, said cathode assembly com- 
prising: 

46 (a) a tubular cathode assembly precursor including (i) a tubular cathode current coflector having a side wall 

d effing a dosed perimeter thereof, and (ii) a layer of a catalyticaly active composition disposed on an outer 
surface of said side wafl; and 

(b) an at permeable sheet material deposed about an outer surface of said tubular cathode assembly precur- 
sor, a IM edge region of said air permeable sheet material extending about a second upper edge of said cath- 

so ode cunent coflector, and being folded about the second upper edge of said cathode current collector and 

dovmwanJy toward an inner surface of said tubular cathode assembly precursor: and opbonaiy the first edge 
region of said air permeable sheet being folded about the second upper edge of the layer of the catalyticairy 
active composition, and about a third upper edge of said cathode current collector and downwarctfy toward an 
inner surface of said tubular cathode assembly precursor, thus to enclose the second and third upper edges of 

55 the cathode current collector and the layer of the catalyticairy active composition. 

13. A cathode assembly tor use in an elongate air depolarized electrochemical cell, said cathode assembly com- 
prising: 
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(a) a tubular air cathode assembly precursor inducting 

(i) a tubular cathode current collector having a side wall defining a closed penmeter thereof, and 

(ii) a first layer of a catalytically active composition disposed on an outer surface of said side wall; and 

(b) at least two layers. e.g. at least three layers, of an air permeable sheet material, effective in combination as 
a diffusion member far transport of oxygen into such air depdanied electrochemical cell, said air permeable 
sheet material being wrapped as a continuous wrap and without intervening end about an outer surface of said 
tubular cathode assembly precursor, including outwardly of said catalytically active composition, and for exam- 
pie said ajr permeable sheet material defining a multiple layer diffusion member mounted outwardly of said 
cathode assembly precursor and operating as a component of said cathode assembly. 

16. A cathode assembly according to Claim 15. said air permeable sheet material having a first uncompressed 
thickness. said air permeable sheet material, as wrapped about said tubular cathode assembly, being compressed 
and thereby having a second thickness less than the first uncompressed thickness, and for example the second 
thictaess is no greater than about 75 percent as thick as the first uncompressed thickness. 

17. A cathode assembly according to Claim 15. said air permeable sheet material having a first uncompressed 
thictaie6s, the at least two layers being compressed and thus having a combined thickness on said cathode assem- 
bly of no greater than about 80 percent, preferably no greater than about 70 percent, and more preferably no 
greater than about 60 percent, of the first uncompressed thickness as multiplied by the number of layers of the 
sheet material. 

cathode assembly including at least three tongrtudinally -extending layers of said air permeable sheet material, plus 
a longitudnalty-extendtng portion of a fourth layer of said sheet material, wrapped about the nuter surface of sad 
tubular cathode assembly precursor. 

19. A cathode assembly according to Claim 15. wherein said permeable sheet material comprises rricroporous 
polymeric sheet material, for example microporous polytetrafluoroethylene. 

20. An elongate air depolarized electrochemical cell comprising an anode, a cathode-separator combination 
according to Claim 13. and electrolyte. 

21. An elongate air depolarized electrochemical cell comprising an anode, a cathode, a separator, and electrolyte, 
said cathode comprising a cathode assembly according to any of Claims 15 to 19. 

22. An elongate air depolarized electrochemical ceil as claimed in damn 20 or 21 . and in which at least a portion of 
said air cathode assembly being openly exposed to the ambient environment as an outer surface of said cell. 

23. An elongate air depolarized electrochemical ceil in as claimed in claim 20 or 21 . said air depolarized cell having 
a length, said eel comprising a bottom closure member separate from a top closure member, said air depolarized 
cell being substantially devoid of enclosing can structure along a substantial portion of the length of the cell. 
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